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PREFACE TO SECOND EDITION. 


.Thk first volume of this book was wi'itten (fu somewhat 
uimsuiil lines, ami I'ailcil on this account to obtain 
conventional i'oga)'il. Tin.’ Authors, fftr from being 
penitent, consider that their eflbrt was successful, and 
after a proper lapse of tivne, ami with tin; aid of 
effective lieutenants, put forward thi^ j>resent edition, 
wliich, whilst pres(!rving the esscmcc of the, earlie.r, is 
intended to give better and (of coui’S(‘) later infoi'ination. 

Their thanks are particularly due to Hr. Gilbert J.' 
Alderton, B.Sc.(Lond.), F.I.C., in whose hands ^ th% 
revision of the fii'st vohnne has remained when that' 
work was relinquished liy Mr. Arthur G. Levy, B.Sc* 
(Lond.), F.I.C., on his leaving this country, 

B.B. 

A.G.B. 

July, 1911. 






In writing the pri'scnt book tlir mitliors have bad cliiefly 
in view the needs of I’ractisiiig Engineer, .Managers of 
Works, and Teclinical Students desii'ous of obtaiinng some 
knowledge of Chemical Technology. 

In a book of tiiis scope, lengthy descriptions of plant 
and of processes wdiich differ from each other merely in 
detail would be out of [)lace. For this reason, only such 
processes are described a.s are t 3 'pical of the class to 
which they belong. 

The adoption of tliis plan has given opportunity for 
presenting the subjects dealt with in a manner which 
shows theii- relations to each other. It is hoped, therefore, 
that the book as a whole iiiay prove useful even to the 
Dxpert in any one of the subjects touched up^n. In order 
to achieve tliis degree of usefulness the authors have 
specially endeavoured to explain the general principles 
uncterl^ing each process, even when the worjvinj® details 
apjleur complex and arbitrary. 


Vol. I. includSs the chemical principles of subjects whfeh 
pM’ticular interest to the iMei^anical Engineer,^5 





chemical basiH.' The authors ti'ust that for many readers, 
especially students of manufacturing chemi.stry, the in¬ 
formation given will be found adetjuate to aflbrd a sound 
groundwork of knowledge without proving as difficult to 
grasp as is the mass of facts proper to a monograph. 


London, Decemher, 1897. 
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„ ironstone, 178. 

Close regulus, 253. 

„ test for oils, 158. 

Coal, Caloriho value of, 01. 

,, Classiiication of, 50. 
j Jr creosote, 55. 

■ „ gas as a fuel, 7t>. 

,, J, Calorific value of, 77. 

„ X Explosifi^i of, 78n 

„ „ proditt^ of combusiUcn, 

77. o . ■, 
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L'o^, impurities ot. i>;i. 

„ Nitrogen in, li:(. • 

„ wasning, OS. 

• „ weathering, 03. 

Coalite, 79. 

'‘Coals, Annly.s(*s of, o!), 01. 

„ Brown. O"). 

Rjrtliy hrown. i"). 

„ Sjieeilie gravilv of, 00. 

' „ Yield of coke from, 50. 

Coarse copper, 248. 

„ • metal, Calcination of, 243. 

„ „ Kusiun for, 242. 

„ wider, 43. 

Cobalt, 317. - 

•,, Black earthy, 318, 

,, lilooin, 318. 

,, glance, 318. 

•,, Melting point of, 318. 

>>. , pyrite.s, 318. 

„■ 8ep.iration of, from nickel, 
315. 

„ Specific gravity of, 318. 

,, speiss, 318 . 

„ Tin white, 318. 

., Uses of, 318. 

Cohesion oils, 101. 

Coinage, Bronze, 204. 

,■? Nickel, 317. 

Coke, 03. $ 

„ Anaiysi.s of, 04. 

' , „ . Aohof, 04. 

“. ’j-p,; - -oven gos, 79. 

'.'.'•iI'.t: Peat, 07. 

* j„ .'■'C^li'c gravity of, 05. 

,, Dse.s oi, ,. t. 

. ,, for blast fur. ace, 187. 

Cold air refrigerating maohine,s, 104, 

„ blow, 87. 

„ -short iron, 217. 

„ test for oils, MiG. 

Colloidal graphite, 104. 

Colorado roasters, 274. 

Colouring metals, 48. 

• Colnmbitc, 303. 

Combustion recorders, 101. 
Compo'ition, Angus Smith’s, 53. 

„ tube, 285. 

I Composititfts, Anti-fouling, 54. 

, „ Boiler, 152. * 

Compressive strength of magnesium, 
350. - 

Concentr^*<!S, Oolt^ 339. 
Conaentration cf bisStuth ores, 307. 

■ ■ ^ • ofV Id ore, 335. 


Concentration of iron ore* 179. 

„ of ores by flotation, 
170. 

„ „ Electrostatio, 

109. 

„ ,, ^lagnctic, 168. 

; . „ ,, .Meehanjfal, 

108. 

., of tin ores, 298. 
Concrete, 10. 

,, Klilore.seenee on, 38. 

.. Ikslruetion of, 44. 
CondenKalion of men'urv, 320, 322, 
i Cotnluetivily of copper, 203. 
i Constiintan. 113, 317. 

Constil ntioii of steel, 219. 
j Converter, Ua.sie lining for, 204. 

., Bessemer, 2t>tl. 

,, for eopiier ores, 2,5tl. 
Copper, 22. 

„ alloys. 22. 203. 
anialgatn, 323. 

Barilla. 238. 

Bess('tnerisitn^ 248. 

Best selected, 252. 
bisrniitb glance, 307. 

Bla,ek. 248. 

Blister. 247. 

Iiottoins, 2.53. 

„ Argentiferous, 331. 
Cement, 2,5,5. 

('oarst;, 248. 
converter, 259. 

Corrosion of, 47. 

Diagram of Welsh, process, 
252. 

Dry, 251. 

,, process for, 239. 
Electrical conductivity of, 
203. 

Eleetrolvtio processes for, 
257-201. • 

E.vtraction of, from pyrites, 
2.55. 

lire-bo.x analysis, 23. 
Influence of impurities 0 % 
23, 202. 

Cerman smelting process, 

25 , 4 . 

glselpe, 239. • 

Kernel roasting for, 241. 

„ Wanhes process, 2M. 

„ Mansfcld process, ^,54. 

,, matte for silver extraction, 

* 327. 

„ Melting point of, 112, 262. 
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Dopper» Moss, 245. 

„ Native, 238. 

. „ ores, 238. 

,, „ Calcination of, 240. 

„ oxychloride, 239. 

>( Oxygon in, 23, 202. 

„ ^ poling, 251. * 

M pyrites, 239. 

„ refinery slag, 251. 

„ refining, 2.51. 

„ „ Klectrolytic, 200. 

„ „ ,, Cowper-Cok's 

process, 24, 

201. 

„ „ „ Klinoro process, 

24,201. 

„ „ „ Hayden pro- 

ce.ss, 200. 

,, roasting furnaces, 240, et seq. 
„ sand, 23S. 

„ Scorification of, 2.51. 

„ Self-red action of, 247. 

„ smoKe, 241. 

„ Kpccifii gravity of, 24, 262. 

„ stoam pipes, 22. 

„ Tensile strength c)!’, 23. 

,, Tinned, 48. 

„ touch-pitch, 2.51. 

„ Toughening, 251. 

„ Uses of, 22, 202. 

„ Welsh process for, 240, 253. 

„ Wet extraction of, 255. 

Corrosion by lubricants, 104. 

of aluminium, 49. 
of boilers, 137, 139, 142. 
of cojiper, 47. 
of load, 49. 
of metals, 45. 
of nickel, 49. 
of zinc, 48. 

Corundum, 348. 

Coslettf process, 53. 

Cote-Pierron zinc f>roeess, 295. 
Cottrell process for lead “ fume,** 
270. 

C^wper-Colcs copper process, 24, 261. 
Cowper flues, 270. 

„ stove.s, 1H2. 

Cradle for gold wasiring 33 j. 
Crebsoto oil, Compositio* .of, 71. 

„ Wood, 50. ( 

' Oreosoting, 55. 

.Critical temperature of iron, 215. 
Orocoite, ^07. 

Crucible cast steel, 212. 

. „ steel, 212. 


Crude antimony, 303. p 

„ iron, Purification of, 194. 

„ lead, Analysis of, 277. 
Cryolite, 348. 

Crystalline structure of steel, 223/ 
Cupcllation furnace, English, 327. 

„ „ OcM nian, 327. 

„ hearth, 320. ry o ■ 

„ of load for silver, 320. 
Cupola, Hi, 201. 

Cupriferous [jvrites, 255. 

„ schists, 239, 251. 

Cuprite, 238. 

Oupro-magnesium, 20t>. 

Cupro-fiilieon, 200. 

Current <lensity for copper deptitii* 
tion, 200. 

Cyanide extraction of gold. 34»). 

„ „ silvcT, 332 

,, from blast furnace, 18^ 
Cylioder oil, V’is<‘osity of,cl .57. 


D 


Daunku condenser, 289. 

Danieir.s cell, 118. 

Darby steel proce.ss, 209. 

Darling’s sodium process, 30ti. 

Decay of timber, 50. rj 
Defloccuiatiid graphite, l(i4. 

Do l.avel zinc furnace, 293. 

Dellwik and Flei.seher's procc.ss, 88. 
Delta metal, 2ti, 2(4. 

Depolarisation, 119. 

Depolariscr, Solid, 135. 

Desilverising bismuth, 301b 
„ ■ lead, 278, 280. 

Desulphurising^'])ig iron, 202. p 
D cville's aluminiw process, ^50. 
Diehl gold proccs^342. 

DietzcY's silver refining process, 333. 
Dinas bricks, 8. 

i Dissolved oxygen, Corrosive action 
of, 140. 

Distillation of inagnesitim, 355. 

„ of metals, 173. 

„ of peat, 07. 

„ of sodium, 364, 

„ of zinc from 6te, 289. 

DoStsch cop])er ]iroces.s, 256. 
Dolomite, 6, 9. 

Dorscnxagcn zinc ])rocesd, 293., 
Double-Sircar stec)^.. 212. 

Doubling,” 304. 

. Dowson gas, 88. 
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'^t^ges for winning gold, 337. 

'! J)re*sirg ores, 108. 

■y „ tin ores, 297. * 

, I>iy blast, 184. 

1 “ Dry ” copper, 2.71. 

'Dry oxtraetion, (icneral methods of, 
171. 

„ process for (;opi«T, 239. 
.(•puddling, 197. 

Ductility, T<wt for, I'.i. 

,Dudlov’.s standard ]ihoaphor-l)ron/.c, 
26o.' 

Duplex .stisd iiroee.ss, 210. 

Durana metal, 204. 

Dust-cafchor, 183. 

Dwight and IJc^d’s roasting proecs.s, 

9li. 

Dynamo, Economy of, 127. 


Electric furnace, Keller, 226, 231. 

„ ., KjclUn, 234. 

,, „ resistance, 230. 

,. ., Eocehling-Rodcn- 

hausrr, 234. 

„ „ Stas.sano, 228. 

.. „ Swedish. 225. 

. ., osmosis, 127. 

., production of slot*!, 230. 

„ rc.sislance i)yrometer, 112. 

„ smelling of iron ores, 224. 

Electrolytic eo|ipcr, Analysis of. 201. 
„ ,. processes, 257. 

„ iron. 214. 

„ parting. 313. 

„ purilieation of iron, 215. 

rodnetion of al.orninium, 
3,->0. 

„ „ of magnesium, 

377. 


K 

*tlARTHy hrown coal, 05. 

Economy, Energetic, 129. 

„ Monetary, 129. 

Edison’s cell, 125. 

Efficiency of blast furnace, 188. 

„ of gas engine, 78. 

„ of secondary cells, 123. 

Efflorescence on artificial stone, 38. 

„ « on brick, 38. 

on concrete, 38. 

Elastic limit, 20. 

Electrical brazing, 42. 

„ conductivity of aluminium, 

■ S,. 364. 

„ ' conaactivity of copper, 

203. 

„ heating. 102. 

„ rroduotion "of aluminium 

alloys, 371. 

„ transmission of energy, 

129, 130. 
welding, 41. 

Electric calamine, 280. 

„ furnace, 102. 

„ ,. arc, 230. 

,, Energy required for 
” 228," 237. 

„ „ Erick. 230. 

„ • .. (liilre, 232. 

,. (iin. 233. 

„ ,. tiirod, 231. 

„ „ Heroult, 230. 

uo.rrt, 937!. 


„ relining of copper, 2tK1. 

„ theory of rusting, 14^. 

„ winning and relining of 

, lead, 282. 

,, winning antimony, 

300. 

,, ,, of metals, 173, 

,, „ of zinc, 291. 

Kloctromctallnrgv of iron and sfcel, 

; 224. 

! Electro-peat-coal, 07. 

. Elect ro|>laling, 334. 

I Elcctro-silico-spiegel, 370. 
i Eleotrostatic concentration of ores, 

, 109. 

Elmore copixir process, 24, 201. 
Emery, 348. 

' Enanielled iron, 61. 

I Energy, Electrical, 117. 

„ Kinetic, 120. 

„ Sources of, 78. 

Sun’s, 128. 

„ Transmission of, 12!# 

„ tVimI, 128. 

English cupellation furnace, 327. 

. „ standard brass, 204. 

Ether, lateul heat of evaporatir^p. 
104. 

European nickel ores, l’roccs.s for, 
314. . . 

Extractio»-;*dJrv, general methods, 
. i7l. 

,, • of bismuth, Uct, 308. 
of cop|)(W. Wet, 27.5. 
of ‘iron, I’ffneiples of( 
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Extraction of silver by copper 
matte, .327. 
f. „ by lead, 325. 

„ ,, by mercury, 

328. 

„ Wet, 171. 


‘ F 

/aHLEII!', UK). 

Fahlore, 231), U24. 

Fahnehjelm lia;lil, !)."). 

“ Fatigue ” (it iiietnls, 3i). 

Fatty ueids in nils, 157. 

„ lulirieating oils, 1.75. 

Faure c('Jl, 12,3. 

, Felsjiar, 2, 3, 4. 

Ferberite, 3(11. 

Fergusonite, 3(13. 

Ferrite, 21 ,S, 220. 

Fcri'o-alloys, 101, 237. 
P'erro-aluminiuiri, 101. 
Ferro-ohromium, lOJ, 3(10. 
Ferro-couerettt) 11. 

Ferro-mangancse, 101, 358. 
Ferro-molylxleniiin, 3(11. 
Ferro-silicon, 100. 

Fcwo-titanium, 101. 

Ferro-tungs(en, 3(12. 

Ferro-vanatliuiii, 238, 3(13. 

Ferrous carbonate, 177. 

Ferruginous water, Cottoning of, 147. 
Fory pyrometer, 115. 

Fcttliug, 105. 

Fine metal, I'usion for, 245. 

., solder, 43, 284. 

Firebrick, 7. 

Fireclay, Analyses of, 8. 

Firing ]ioint of oils, 158. 

Fireproof wood, 5(1. 

Flagstone, Yorkshire, 2. 

Flashing point of oils, 158. 

Flintshire ]>roees3 for lead, 268. 

Flohr steel proee.ss, 205. 

Flotation i)roees.ses, 170. 

Rowing furnace for lead, 271. 
Fluorescence of mineral oils, 1 (12. 
Flux, 172. 

,, Antimony, 304. 

Fltwca for soldering, 43. . 

Foil, Tin, 301. 

Forohearth for separating s’.ag, 246. 
Forms of carbon in iron, 217. 

Franckc shver process, 330. 
Pranklinite, 177, 286. ' 


“ Free ” carbonic acid, 132. 

“ Free milling ” ores, 3.3.5. « o 

Freestone, 2.' ® . 

I Freezing test, 37. 

Freiberg process for lead, 277. 

French volatilisation process for'- 
antimony, .305. 

Freudenberg plates, 270. 

Frick furnace, 23(1. 

; Frue vanner, 208, 338. 

■ Fuel. Delinition of, 58. 
i ., (laseouR, 75. 

,, l.i(iuid, 70. 
j .. “ I’atent," (18. 

,, .8olid, (10. 

I „ Wasl.e of, 138.,. 

I ., Wood a.s, 60. 

Fume, Amiinony. 3(i4. 

., Iil( radon, 201. 

from Jies.iemer eonv(!rter, 10% 
bead, 270. , 

i .. Zir>e, 287. , 

; I'urnai 0 , Blast, 18o'. 

I .. Calamine, 188. 

I ., for lead, 268, et eeq. 

,, Reverberatory, for copper, 
j _ 240, 243. ' 

11'iirnae.'s, Electric, see Electric Fur- 
naee.s. 

! .. Roasting, 24.,)-242. " 

I Fusible melnis, 300. i 
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CrALEXa, 26(1. 

„ Antimony in, 266. 

„ Gold in, 266. 

„ .Silver in, 266. 

„ smelling methods, ^68. 
„ Specific gravity of, 267. 
Galvanic action causing rust, 47. 
„ cells, 118. 

„ corrosion, 47, 143. 

„ protection, 47, 54, 144. 

Galvanised iron, 30. 

Gangue, defined, 168. 

Canister, 8. 

Garnicrite, 310. 

Gas batteries, 124. 

Dowson, 88. 

'• engine, 77, 94. 

Natural, 95. 

Producer, 80, 92 
Wafer, 86. 

Gaseous fuels, 75. 
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Oases, Blast-fiirimco, !»I, 182. 

• ^ in water. Solubility of, 140. 
Gasolene for engine.s, 73. 

Gault bri(!lvs, 7. 

“Gelatin.” 1110. 

General methods of dry extrabtion. 
171.’ 

Generator gas, 79. 

• f, ,, l'tili.sation of, 94. 
German cojiper smelting iirt)ce.ss, 

2.74. 

„ cupellation furnace, 327. 

• „ silver, 317. 

Germot’s antimony |)roCc.ss, 30o. 
Gers^snhfl^ kiln.s, 241. 

Gibb's cojip* process, 2;)(1. 

* Gichtschwamm,” IS.S. 

Gilfre electric furnace. 232. 
Gilchrist-Thomas process, 204. 

• Ciillespie process, 184. 

Gi» electric furnaci’, 233. 

^ Girod electric ^'urnace, 231. 

Glance Bismuth, 307. 

„ copper, 307. 

' Cobalt, 318. 

Cop)ier, 2.?9. 

„ Nickel, 311. 

Glass, Jena, Analysis of, 108. 
Glass-lined pipes, .74. 
dfieiss, 4 
Gold, 

„ aiftalgamation, 337. 

„ chlorination, 339. 

,, collection in iiyrite.s matte, 342. 
„ concentrates, 339. 

„ “"’radle,” 330. 

„ Diehl process, 342. 

.„ Electrolytic parting of, 343. 

„ extraction by cyanide, 340. 

„* *in galena, 200. ' 

„ Marriner process, 342. 

„ Melting ))oint of, 112, 344. 

„ _ Native, 334. 

„ ore concentration, 33.7. • 

„ ores, “ Free-milling,” 33.7. 

„ „ “ Refractory,” 335. 

„ Parting, 342. 

„ l)lating, 344. 

„ refining, 342. 

„ “ Rubber ” for, 338. 

„ slimes, 337. 

Sources of, 334. 

„ Specific gravity of, 344. 

„ stamps, 337. 

., str.ndard,-ftwiposiiion of, 3- 
;, Javcncr's process, 341. 
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Gold telluride, 334. 

„ ., ores. Treatment foi 

•342. 

„ Uses of, 344. 

„ Winning of, 335. 

Gold sell m id t'.s process, 172. 

,. tin s(Tap process, 301 
Grading of ))ig iron, liMI. * 
tirain tin, 309. 

Gr.inite. 3, 

., .'^ycnitic, 4. 

Granit/.a inerciirv furnace, 321. 
Graphite, 104. 

Grca.si'. .\xle. 102. 

,, in lioil'T water, lot). 

., Bosin, 103. ^ 

Greeiu' and Wald's ferro-mangan^ 
proce.-s, 359. 

Greenockite, 290. 

Grcen.stone, 4. 

Grey antimony ore. 3o2. 

., copper ore, 239. 

,, iron, 17, 189. 

.. silver, 324. 

;Gr<mtinv, lo. 

! Grove cell, 119. 
i Grove’s eas battery, 124. 

I Gun metal, 25, 20.i. 

I Guntlier-l'raiieke eop)>er process, 
; 278, 

' I ly)i.snin. 370. 

' H 

; H.v.ac’s nmgnesium cell, 355. 

I Haber’s eondmstion recorder, 102. 

I llicmatite. Brown, 175. 

! ., Rod, 175. 

; Hieinatite.s, Analy.scs of, 170. 

I “ Htrlf-bound ” earbonio acid, 132. 

I Hall's aluminium process. 361. 

“ Hardening " earlxm, 217. • 
Hardening steel, 217. 

Hardenite, 229. 

” Hardhead,” 3IK). 

Hardness of materials, 30. 

,, of vtater, 133. 

I „ Measurement of, 33. 

I ,, ,, Permanent, 133. 

I „ ^mjKirary, 133. 

Hard solaejing, 43. 

“ Hard*” water, 132. 

Hartoy’s process, 214. 

I'ausmannite, 158. 

Hai^cn’s copix-r refining process, 
209. 
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vimadium process, 3<f2. 
i^Sbadorson’s copywr j)rouess, 250. 
^'Hi6roult*s aluminium process, 351. 
'•Ht'roult steel furnace, 230. 
^'Hetreshoff furnace, 242. 

Ueussler's alloy, 353. 

(fiigh-spoed tool steel, 222. 

;*KHighsystem of lead dcsilvcrising, 

^‘•279. 

'.^iorth ste<‘l furna(M‘, 23<i. 
;,1ffoepfner's copper ]>roeess. 259. 

• „ zinc procesrtC's, 292. 

.):fiopkins’ zinc pi‘o(JCHs, 291. 

•. Iffornblende, 4. 

.'Korn silver, 324. 

Hot blast stove, lfi2. 

. „ Temperatun'of, l!;l3. 

. Hot blow, 87. 

.' Hubnerite, 301. 


! Influence ot tem{ierature on viscosity, 

ir>5, 158, •» 

i Ingot iron, 20, 199. 

„ Analysis of, 21. 

„ Tensile strength of, 21. 

Injector tor oil, 70. 

Injury to boilers, 138. 

Internal combustion engines, 72. 

; Invar, 317. ^ 

; Iodide of silver, 324. 

! Iridium, Melting point of, 112. 

! ,. platinum, 347. 

• Iron, 15, 121, 214. 

I „ AUotnjpic forms of, 210. 

; „ alloys, 191. “ 

' ,, At»)mic volume 6t! impuriticJVj 
in, 223. 

,, Behaviour of, on cooling, 

215. 


Hunt and D(»ugla.s copper process, ■“ Iron black 
257. Iron carbide 


’ 307. 
218. 219. 


Huntinglon-Hebcrlcin lend ]>roce.'^s, 
274. 

Hydraulic coroenV, II. 

„ lime, 12. 

,, mining, 33th 
' Hydrogen, 90. 

,/ from semi*water gas, 90, 

124. 

’• „ in elcctrolyti<i iron, 215. 

„ manufacture, 90. 

Hydrolithc, 358. 


r lCRiAN mercury furnace, 319. 
'Bmenite, 177. 

.Immadium alloys, 2t>0. 

Improving lead, 27S. 

ImpurititvS in bismuth, 308. 

„ in blister copjKjr, 251. 

’ . „ in brass, 204. 

„ in crude tin. 300. 

in crude zinc, 290. 

„ influence on copper, 2t»2. 

y, „ on iron, 214. 

„ in iron. Atomic ■’'olumes 

of, 223. 

Incrustation from calcarc(?ua waters, 
^ 132. ^ 

„ from sea water, 135. 

Oily, 14f. 

^iduction furnaces, 234. 
ttdustrial temperatures, 114, 116. 


Carbon in, 217. 

Case-hardening of, 214. 
cast, Analyses of. 10. 

„ MalUkble, Hi, 213. 

Chilled. Hi, 192. 

Cold-sht)rt,’* 217. 

Critical tem}>eratures of, 215. 
crude, Ihirilication of, 194. 
Eleclrolytie, 214. 

„ })urilication;of, 215. 
Electrometallurgy of, 224. 
Enamelled, 51. 

extraction, I’riiiciples or, 178. 
for annat,ure.s, 125. 

Eormsof carbon in, 217. 
Eoundry pig, 15. 

Fusing point of, 215. 
(«alvaniscdi»30. ,, 

Grey cast, 15, 189. w 

„ Analysis of, 16, 189 

„ Sjiccitic gravity of, 

190. 

Influenc<‘ of impuritie.s on, 214. 
Ingot, 17, 199. 

T.ead coating for, 3i. 

Malleable cast, 10. 
meteoric. Analysis or, 174. 
Mottled cast, 15, 189. 

Native, 174. 

(>iickel alloy. 28. 317. 
ore, Concentration of, 179. 

„ Preparation of, for 
‘ ing, 179. 
roastingi i SO. 
ores, 174. 
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[^i%ore.s, Klectric smolting of, 224. 
,, Paints for, ,'<3. • 

Pig, 1S!», 

„ „ dosiilphurising, 2i)2. 

„ Preservation of, 1. 

„ Pro)K‘rtio3 of pure, 21 o. 

„ puddled, Strueture of, IHSt. 

^ Ujrritcs, I7S. 

,, „ iiielioliferoiis, 311. 

„ “ Red-short,” 217. 

„ reduction, 180. 

',,, Rusting of, 45. 

„ Spocilic gravity of, 215. 

„ (^ib-oarbidc, 219. 

„ Tinned, 32. 

•„ White, ISO. 

„ “ whitening,” 104. 

„ •Wrought, 17. 

%, Analysi.s of, IS, lil.s. 

zinc alloys, 2011 
„ zinco*', 30. 

Irons, ^aasifieation of, 103. 


J 

JaMBSONlTE, 302. 

Jens gla.ss. Composition of, 108. 
Jiggers, ^08. 

Joulo-Th»mson oflect, 00. 


K 

Kainite, 355. 

Kassnor's oxygen proces.s, 08. 

Keith copper proee.ss, 250. 

„ • lead process, 2%3. 
Kellci*elcotric furnace, 225, 231. 
Kelp-salt, 304. 

Kentish rag, 5. 

Kermes mineral, 303. 

“ Kernel-roasting ” for copper, ifll. 
Kern’s electrolytic load process, 282 
Kerosene for engines, 73. 

Kic^cy ore, 175. 

Kibsertc, 355. 

“ Killed ” .spirits of salt, 44. 

“ Killing'* crucible steel, 212. 

K^. Gorat^nhofer, 241. 

I .,, Stop grate, 

{Kinetic energy. Natural form o 
- W. . • 

. - 

;'KlB&.pfbc 9 ^ for s- vot, 331. 


Kjellin electric furnace, 234. 

Korting injector, JO. 

Kronko silver ])rocess, 330. 

Krupp's armour-pUte process, 214. 
Kupfer-nickel, 311. 

Kyanising, oo. 

t ► 

L 

; Imui) oil, Visoo.sity of, 135. 

; Ijish sice! proees.'<, 2ln. 

; l-atcritc, 175. 

I alloys, 2S4. 

; „ AnalyM> of I’lvilM rc cnule, 277? 

,, as a Milveiil. K.Kjravtion of 
I silver liy, 32.7. 

,, Hotls’ process. 2H3. 

,, ilJast furimcc for, 275. 

„ I)urning, 40. 
j „ rarlional'*, 207. 

,, Caiirii<‘liacl and Bradford pro- 
1 cess, 274. 

1 „ “ Chemical,'’ 2§2. 

; ,, Chief .sources of, 200. 

: „ chromate, 20>7. 

coating for iron, 31. 

; ,, Commerejal, Analysis of,^84. 

,, Corrosion of, -tP. 

,, Cupellatiou of. for silver, 320. 

., De.siiveri.sing, 278. 

„ J'arkes’process of, 
2Hti. 

„ Patlin.'^on's p!*o- 

ees.^ of, 278. 

,, Klectrolytie reiiniiig of, 282. 

,, riintshire proee.ss for, 208. 

„ Freiberg proee.ss for, 277. 

„ fume, 270. 

„ Huntington-HeluTlein proocaa, 
274. 

,, Improving, 27M. • 

„ „ hv Tatlinson process, 

278. 

„ Keilh’.s proee.s.s, 283. 

,, Kern’s )mK*es.s, 282. 

„ Liquation of, 278. 

,, Melting j)oint of. 112,284. 

,, or»s t!or snn liiiig, Fre^iaration 
c, -OT. 

„ „ Coasting <‘f, 274. 

,, ^(!^sof, 200. * 

, ,, Precipitayon proems for, 273. 

1 ,, Reduction of. by carbon, 273. 

1 * ,, ,, by iron, 273. 

I „ Scotch hearth for, 271. 
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&ad Bias, 273. 
Softenins, 


Softening, 27§. ^ 

„ Solubility of, in zinc, 280. 

„ „ „ zinc in. 280. 

„ Specific gravity, 284. 

„ sulphate, 2(57. 

„ suj.phide, 2()(>. 

„ Tommasi’s jjroccss, 283. 

Uses nf, 284. 

,, vanadate, 3(52. 

jeclanche cell, J 2(». 
iOUclte, 1(50. 

jevigalion, 1(58. * 

Jchens on stone, 39. 
l^ight, Fahn(‘lijclm, 9.5. 

„ red silver ore, 324. - 

^ Wolsliaoli, 94. '■ 

[ligneous brown coal, (55. • 

Ugnite, (55. 

Umo,^,Hyd^aulic, 12. 

„ 7’tVatment of cinnibar ijy, 322. 
Limestone, 5. 

„ (Carboniferous, 5. 

„ JJas; 5. 

„ Oolitic, (5. 

Limonite, 175. 

Linde-Luft, 109. 

Lindt^ proce.ss, 99. 
lining, llasie, 2o(5. 

,, ,, of e('nverl.or, 204. 

lipowilz njetal, 31((. 

Liquation of antimony sulxdude, 3(b5. 

„ of bisnuith, 307. 

,, of lead, 278. 

„ of tin, 300. 

„ Refining by, 173. 

Liquid air, 99. 

„ ammonia, 104. I 

„ carbon dioxide, 104 1 

„ fuel, 70. 

„ sulphur dioxide, 104. 

Lithargfr, Black, 308. 

Local corrosion of boiler jilatos, 1*^*^* 
Lookmg glasses, “ Silvering," 32.5, 
334. 

Lck‘ mi3-Pettibono ])n)ccss, 89. 

I/)w HVKtem for dcailverising lead, 
279. 

„ temperature heat„ Utilisation 
*■ of, 83. 

Lubricants, 154. 

„ ^-Blown oils in, IOm. . 

„ Corrosion induced ‘ by, 

H)4. 

„ Solid, 102. 

„ petroleum, 163. 


Lubricants, Tallow, 162. 

Lubricating oils^ Fatty, 155. 

„ „ Flashing point of, 

158. 

„ Mineral, 157. 

„ „ Mixed, 159. 

tLuco-Kozan (lesilverising process, 


McAo.n.miti:, 3.73. 

McArthur-I’orrest cyanide pneess, 
340. 

Machinery oil. Viscosity of, 157. 
Magi.stral, 329. 

Magnalium, 353. 

I MagiKJsit.e, Aualy.sis of, 9. 

I Magni'sium, I5<*iling point of, 3.55.„ 

I enrbotmle. Solubility of, 

145. 

„ C'liemical reduction of, 
3.55. 

,, chloride, in water, 130. 

,, eidoridc solution. Speci¬ 

fic heat of, IU6. 
(Jompn^ssive strength of, 
3,">(5. _ ® 

,, J)istiUati(>n of, J\55. 

,, Fleetr«)lylic reduction 
o*’, 3.75. 

„ hydroxide in boiler de- 

po.sil, 13(5. 

,, limc.stonc, (5. 

„ Melting point of, 356. 

„ Sources of, 354. 

I ,, Specific gravity of, 356. 

1 „ TeAsilc strength of^ 356. 

I ,, Uses of, 35(5. 

„ Winning of, 355. 

„ Working temperature 

for, 356. 

Magnetic iron oxide in boilers, 137. 

„ seimrators, 169, 179, 298. 
Magnetite, 176. 

Magnolia metal, 285. 

Malachite, 238. 

(1 „ Blue, 239. 

Malleable cast iron, 16, 213^’ 

MalihX (>■ 

Manganese bronze. Composition or, 
S e 260. 

„ carbide 359. > 

„ -copper, 359. 

„ Melting iioint^of, &59^ 
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Ma^gatu'rtc, Oros of, 3.)S, 

,1 I’ropcrtife of, 300. 

„ stoKl, 22, 221. 

„ Winning of, 353. 

Manganin, 317. 

Manganito, 358. 

Manlifo copper process, 200. 

, ^ansfeld copper process, 204. 

,, proces.s for silvor, 204. 

“Manufactured ” pcaf, 07. 

Marble, 4. 

Marine boiler incrustation, 130, 137. 
“ Market pot,” 279. 

Marnjier gold proccs.s, 342. 
Martensite, 219, 220. 

Jlassenez prlt!oa.s, 202. 

„ steel process, 200. 

Materials, Roofing, 29. 

■ „ Strength of, 33. 

Matthey’s platinum pr()ce.ss, 340. 

„ . refining process for bis¬ 

muth, 309. 

MeasUfemont of temperature, 107. 
Mechanical puddling, 197. 

Mechanism of oxidation of carbon, 80. 
Melting point of aluminium, 352. 

of antimony, 300. 
of bismuth, 309. 
of boric anhydride, 

of cadmium, 290. 
of carbon, 112. 
of cobalt, 318. 
of copper, 112. 
of gold, 112, 344. 
of iridium, 112. 
of lead, 112, 284. | 

• of magnesium, 350. 
of maiJ(gani»e, 359. 
of nickel, 310. 
of palladium, 112. 
of platinum, 112, 346. 
of potassium, 307. 

,, bromide, W2. 

„ chloride, 112. 

„ iodide, 112. 

„ sulphate, 112. 
of pure iron, 216. 
of silver, 112, 333. 
of sodium, 300. 

„ chloride, #12. 

„ sulphate, 112.- 
of solder, 284. 
of tantalum,%63. 
of,r«, 301. 
ofj mo, 112, 295. 


Melting points, Ifcalo of, 112. 
Merchant bar. 17, 197. 

Mercurial soot, 3*2. 

Mercuric sulphide. 318. 

Mercury as a solvent, Kxlraction i 
silver by, 328. 

,. Itoiling point of, 11’, 323. 

., Californian proce.ss,^20. 

„ Cc'nden.salion of, 320. 3^. 

„ furmote, Craiihza. 321. ■ 

I •• Idrinn, 319. 

Native, 318. 

„ I’nrilieatiim of, 323. 

,, <^ni(.'kening, 339. 

., Solidifying point of, 323. 

,. So,irees of, 318., 

„ Speeilic gnuily of, 323. 

., sulphide. 318. 

., I'.ses of, 323. 

,, Winning of, 318. 

Meta cinnabur, 318. 

5lotal, Habbitt's, 27. 

.. Rlne, 245. 

,, Ibill, 2f>. a 

„ colonring, 48. 

„ Delta, 20, 201 

„ J'usiljie, 309. 

.. Cun, 25, 204. 

„ “ Pimple,” 2 l.'i. 

,. Red. 24. 

„ .slag, 24.':. 

„ .Struct Ural, 15. 

,, “ White,” 245. 

,, Wood’s, 3l0. 

., Vcllou-, 24. 

Metals, CVtrrosion <d', .|5. 

„ diflicult of reduction. 347. 

•* o „ Oxidation of, 

348. 

„ Di.stillalion of, 173. 

„ 1‘lxlraetion of, ITI. 

„ “■ I'atigue ” of, 39. • 

,, White, 20. 

Meteoric iron, Anidysis of, 174. 
Mexican process for silver, 329. 

Mica, 3. , 

Micaceous iron .ire, 175. 

Micrographie c.iisfitucnts of steel. 
220. . ^ 
Mild .stoeLJO, 199. • 

Miller's t^ljirine inoee.ss for refining 
goid,(B42. , * 

iMillslonc grit. Analysis of, 2, 3. 
Mineral lubricafing oils, 157. 

MinS water. Analysis of, 138. 

„ Corrosive ctfcct of. 138. 
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Mixed liibricatiog oils, 109. 

„ , ores, 107. ^ 

. „ sulphide ores, Treatment of, 
>■„ 291. ’ 

•“ Mixers,” in steel manufacture, 208. i 
.Moebius process for anode sludge, ’ 

202. I 

. for refining silver, 

332. 

^ M.oiasan's manganc-se process, 358. 
Moffet lieartli process for load, 272. 
Molybdenite, 300. 

. Molybdenum, 300. 

,, steel, 222. ' 

Monarch ” magnetic separator, 
180. 

Mond gas, 8il. 

.. *„ nickel procc.s3, 312. 

,, zinc procc.ss, 293. 

Mond’s gas battery, 12.4. 

Monei metal, 28, 317. 

Mortar, 12. 

„ Cement, 10. 

Mottled iron, 15r.-189, 

“ Moss ” copper, 245. 

Muntz metal, 24, 204. 

Musjiet steel, 212, 222. 


N 


' .Native antimony, 302. 

„ bismuth, 307. 

„ copper, 238. 

„ gold, 334. 

„ iron, 17'4. 

„ platinum. Analysis of, 345. 

„ mercury, 318. 

,, silver, 324. 

■ Natural gas, 95. 

Naval bra.ss, 204. 
i Neatsfoi-K. oil. Viscosity of, 155. 

"' Neutral bricks, 8. 

i New Caledonian nickel ore, Trcat- 
mentof, 313. 

NitiVel, 27, 310. 

„ alloy-s, 310. 

„ Analysis of electrolytic, 310. 
„ Antimonial, 311. 

blende, 311. ' . 

,, carbonyl, 312. 

„ cast. Analyses of, 315, 

„ coinage, 317. 

„ Corrlfsion of, 49. 

,, Electrolytic refining of, 3i5. 
., . “ fonto,” Analysis of, 313. 


Nickel glance, 311. 

,, iron allfys, 317. 

„ Kupfer-, 311. 

„ matte, Besseinerising of, 312. 

„ „ Alond process, 312. 

„ „ Orford process, 312. 

„ Melting point of, 310. 

„ ores, arsenical. Treatment 

of, 314. 

,, ,, European, Treatment 

of, 314. 

„ „ .Sudbury, Analyses of, 

311. ' 

„ „ „ Treatment 

of, 311. 

,, o.xide, Keductidd of, 315. o 

,, plating, 54. 

,, S<turccs of, 310. 

., Specific gravity of, 310. . 

,, s]»c.iss, 314. 

„ ,, Separation j>f cobalt 

from, 314. 

„ .steel, 28, 221. 

„ „ Effect of cooling on, 

221. 

,, “ thermite,” 354. 

„ Csesof, 310. 

,, Winning of, 311. 

Nickeliferous iron pyrites, 311. « 

Nickelin, 317. 

Nitrogen, Boiling point of, 1^0. 

,, in coal, 03. 


0 

Ochre, Antimony, ,303. 

„ Bismuth, k>7. 

Oil-air gas, 75. o 
Oil enmnes, 73. 

„ in Imiler water, 141, 150. 

„ machinery. Viscosity of, 167. 

“ Oil pulp,” 100. 

Oil, ifpindlc. Viscosity of, 167. 

‘‘ ()il thickeners,” lOf). 

“ Oils, Blown,” in lubricants, 160. 

„ ” Close test,” 158. 

,, cohesion, 161. 

,, “ Cold tc.st ” for, 156. 

,, cylinder. Viscosity of,i 167. 

,, ' Eatty lubricating, 166. 

,, „ acid in, 157, 164. ° 

„ Firing point of, 158. 

„ Fluoreseonoe.of,' 162. 

„ for different classes Of bor¬ 
ings, 166. - 
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OiJs, lubricating, Flashing j>oint of 
» 15S. ■ 

„ Mixed, l.'iO. 
Mineral lubricating, lr>7. 

“ Open test ” for, 158. 
Hancidity of, 155. 

Sulphuric acid in, 157. 
Turbine, 101. 

„• Viscosity of, 155, 157, 158. 
Migoclase, 3. 

)Iive oil, 155. 
lolitic limestone, 0. 

(Jlien hearth process, 200, 

,, Basie, 200. 

‘ Upon test ” for oils, 158, 

Optical pyiflmeter, 114. 

■ Ur bleu,” 344. 

' Or gris,” 344. 

)rdo system for licjuid fuel, 7t». 

)re. Black band, 178. 

Bog iron, 175. 

„ Calcination of copper, 240. 

„ Concentration, Cold, 335. ' 

„ dressing, 188. 

„ furnace slag, 243. ! 

„ Grey copper, 239. ; 

,, Preparation for smelting iron 
179. 

„ " Purple,” 25(). 

„ Rod copper, 238, 

„ ® zinc, 280, 

„ Specular iron, 175. 

Tcs, Calcination of, 171. 

„ Classification of, 107. 

„ Concentration of, 108. 

„ Copper, 238. 

„ Iron, 174. 

„ lead* Preparation of, for sraelt- 
, ing, 207. », 

„ • Mixed, 107. 

„ nickel, Sudbury, Analysis of, 
311, 

„ of aluminium, 348. 

„ of load, 260. j 

„ of manganese, 368. 

., Reduction of, 172. 

, Rolining of, 172. 

, Roasting, 171. 

. „ zinc, 287. ' 

, Sftlf-reduction of, 172. 

, Silver, 324. 0 

, Sudbury treatment of nicl-el 

311. 

, Tin. 297. 0 

, ♦, L’.0B#jg. 297. a 

f. Roasting, 298. 


Ores, Z 

Orford furnace, 240. 

„ nickel prA'cas, 312, 316. 
Ursat gas apimralus, 101. 

()rthoela.se, 3, 4. 

Osiniridiuni, 345. 

, . « lor pi'iis, 345. 

' (l.smoml’s a.llotro|.)ic tlieorv^of ir 
210 . 

Osmosis, Klecirie, 125. 

'■ O.sram " lilamenls, .'t(i2. 

Oven, Coke, 04. 

Overheating steel. 22.3. 

Oxidation of metals dillieult of 
duetion, 348. . 

,. of zine. Heat of, 118. 
Oxide of zinc, 280, ’ 

Oxland anil Hocking calcitier, 2981 
Olx.v*acetylcnc hloupip(‘, 41. 
Oxychloride of copper, 239. 
Oxygen, Boding point of, 100.* 

„ di.ssolved. Corrosive acti 

' of, 140. 

, in copper, ^3, 202. 

„ manufacture, 97. 

i ,, I'Kieess, Brin’s, 97. 

i .. Kassner’s, 98. 

I Oxyltyilrogea blowpipe, 41. 


Paints for iron, 53. 

Palladium, .Melting |Hiint of, 112. 
Parallin as fuel, 7-i. 

Parkes process for desilverising, 281 
“ Parting ” gold, 342. 

I •> of gold, Flectrolyti 
343. 

Partinium, 353. 

I I'assow cement, 12. 

, ■’ Patent ” fuel. 08. ., 

I Patera's process for silver, 331. 
Patina of hronze, 48. 

Patronite, 302. 

I’aGinson's desilverising lead protest 

Paving materials, 2. 

Peaeoc^ copficr, 239. 

Pearlite, 2^, 220. 

Peal, Ca?o|ilie value of, 00. 

„ ^toke, fi7. 

„* CoriifKisition of, 00. 

„ Produce# gas fronl, 08. 

Peaty waters, 134. 

Pens, Osmiridiuii) for, 345. 
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Pwmftnenoy of structural materials, Potiissiiun, Ji„iling |>„int ot, 307.,^ 
^“Permanent hardness" of water, ” Melting poi 


^“Permanent hardness" of watei 
r 133 . 

Peroxide of sodium, 3()(i. 

Petrol, 73. 

Petroleujn products as fuel, 71-7.'). 

„ ' Solidilied, 72. 

“ Solulde," Kil. 

Pewter, 284. 

P6wterer'.s solder, 43. 

• Phceni.v |iroee.s.s for zinc, 232. 
Phosgenite, 207. 

Pho-sphide, of iron in sleel. 221. 

‘ iiiosphor hrou/.e, 2,o, 2ii.'>. 
Phosphoric nig. I'll. 

“•(Phvsic " in puddling, lil.d. 

. Pig,; nasio, Analy.sis of, 20'). 

„ Bessemer, 201 . 

,, bpiling, 1 !).■). 

„ iron, 180. 

,, „ Kleotric production of, 22o. 

„ „ I’oiindry, lo, 100. 

„ „ (iradinjj-of, 190. 

„ Phosphoric, 191. 

Pilz furnace, 27i>. 

“ Pimpio " metal, 24.'>. 

Pipes,'Glassdined, ,>l. 

Pipe stoves, 183. 

Piriani’s tantalum proees.s, 303. 

' Pitting of boiler plates, 143. 

Plant6 cell, 123. 

Plating gold, 344. 

Platinite, 317. 

Platinoid, 317. 

Platinum arsenide, 34.'>. 

^ >, black, 347. 

eataly.sis, 347. 

,, iridium, 347. 

„ Melting point of, 112,340. 

„ native, .Analysis of, 34.7. j 

„ '.Purification of, 340. 

„ rhodium, 340. 

„ Specilie gravity of, 340. 

, ,. U.s<!.s of, 340. 

ur Winning of, .34.'>. 

. Plumber’s Bolder, 43, 284. 

“ Pointed boxes," 338. 

.'■Polarisation, 117. 

■ Poliarfite, 358. ' ,, I 

Poling " copper, 2,j 1. , i. 

Polybasitc, 334. 

f ■ Porosity of stone. 37. ' 

■' Portor-Clark jirocess, li»7. 

, Portland cement, 12. .1 

„ stone, 0. 1 


bran.,do. Melting pomP 
of, 112. 

chloride. Melting mint 
of, 112. 

compound with carbon 
monoxide, 307. 
iodide. Melting point of. 
112. • * 


Jlelting point of, 307. 
Preparation of, 307. 

,, sodium alloy for theriup- 
melers, 307. ^ 

■ „ S|iecitic gravity of, 307. , 

[ ,, sulphate, .Melting point 

: of, 112. 

E'oHcr, Tidal, 127. 

; Precipitation of gold, 341. 

„ proce.s.s for load, 208,^ 

; 273. 

. Preparation of brass, 2()4. , 

’• ' >• of iron ore for smelting, 

i 179. 

] ,. of lead ores for smelting, 

I 207. 

I Preservation of iron, ol. 
i of stone, oU. 

' of slruetural materials, 

; 

I .. of t imber, oo. 

, Pr<‘s.su.re gas ]n‘o(lueops, 92. 

I Pn'ventiori of corrosiini of boilers 
144. 

Primary cell, 122. 

I " Primmg ” in boikn-s, lot. 
j Principles of drv process for copper, 
j 239. 

] .. of iron oxtraction, 178. 

■ Producer gas, ,80 
j ,, Analysis of, 82. 

I ,, Calorilie value of, 82 

„ from peat, (18. 

Projc'otile steel, 222. 

Protection of boiler plates, 144, 
Proximate analysis of eoal, (>2, 
Psilomelano, 358. 

Puddled bar, 17. 

„ „ Analysis of, 198. 

„ iron, Sfructurc of, 199. 

! „ steel, 199. n 

I Puddli ig. Chemistry of, 198. 

„ Dry, 195. 

„ furnace, 195, 197. 

„ KechanicaL 197. 

K hrbeck stone, 6. ■j'’' i 

Puritication. Electrolvt-’.-?. of irnf».,9lfl 
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purification of crude iron, 194. 
jr • * of morcuty, 323. 

"‘ Purple ore, 2oti. 

iPuzzoolaua cement, 12. 
iPytargyrite, 302. 

Pyrites, Cobalt, 318. 

' „ Copper, 239. 

„ ouprilerous. Extraction of 
• • copper from, 255. 

„ Ifon, 178. 

„ „ NickcUferous, 311. 

matte. Collection of gold in, 

■ 342. 

„ spent. Extraction of copper 

• froim 255. 

0 „ Tin, 2W. 

„P^tic smelting, 247. 

Pyrolusite, 358. 

PjTometer, Callender and Griffiths, 

112 . 

*„ Calorimetric, 115. 

„ ‘Electrical resistance, 

. 112 . 

„ Eery absorption, 115 

„ „ radiation, 115. 

■ „ Optical, 114. 

„ Thermo-electric, 113. 

„ Wa.iner’s, 115. 

„ „ Wedgwood’s, 109. 

Wiborgh’s, 110. 
‘yrometefe. Gas, 109. 
l^romorphite, 207. 


Q 

Quaetation, 343. 
“Quickening” mercury, 339. 


R 

Baik water, 134. 

Rancidity of oils, 165. 

' Kape oil. Viscosity of, 165. 
iBathenau and Suter’s sodium pro- 
■ cess, 360. 

Reactions in blast furnace, 187. 

.. I BeCalcsoenoe, 2U>. 

Becovery^f tin front scrap, 300. 

- Bed antimony, 3<)3. 

' copper ore, 238. 

.., . „ heematitc, 175, 
mctaln24. 

-shoQ. iron,, 
ore, 2^ 


Reduction, Chemical, of aluminium, 
349. 

„ Chemkalf of magnesium, 

3.55. 

„ Electrolytic, of alumin¬ 

ium, 350. 

■ „ „ of magnesium, 

# 355., 

„ of antimonv, by iron, 

303. 

,, of iron, 180. 

„ of lead liy carbon, 208. 

,, „ iron, 208. 

„ of nickel oxide, 315. 

,, of oil's, 172. 

,, of timslone, 299. 

„ of zinc, Thermatdata for, 

280. 

Rclinery copjM'r slag. 251 
„ hearth, 194. 

,, slag, 251. 

Rclining antimony, 3o4. 

„ Basic, for copper, 252. 

„ bismuth. 308., 

,, copper, 251. 

„ crude tin, 300. 

,, electrolytic of copper. Cur¬ 

rent densitv for, 200. • 

„ Gold, .342. 

„ Miller’s chlorine. Pro¬ 

cess for, 339. 

„ of copper, elcetrolytically, 

2('«0. 

„ of lead, eleetiiilytically, 282. 

„ of ores, 172. 

„ of silver, 332. 

„ process for bismuth, 

Matthey’s, 309. 

„ 7,ine, 2i)0. 

Refractory bricks. 9. 

„ gold ores, 335. 
Refrigeration, ltl3. 

Regenerative heating, 83. 

Regulus, 172. 

„ ” Close,” 2,53. 

„ of antimony, 303. 

Rc-hoating furnace, 197. 

Reinforced concrete, II. 

Rc.sistance alloys, 113, 317. 

,, * fiAnaces, 23t>. 

Retorts, zille^ Belgian, 288. 

,, , 1 . ‘Silesian, 289. 

Rovet4)oratorv roasting fftrnaco for 
c.tppcr, 240, 2|3. • 

4ihcnvh zinc furnace, 290. 
Khodium-iilatinum, 346. 
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Bhodochrosite, 358. 

Bhodonite, 358. 

** Riffles,” 330. ^ 

“ Rich ijot,” 279. 

•Roaster slags, 247. I 

Roasting furnace for copper, Rever*' 
beralorv, 240. 243. 

f' furnaces, 240, d seq. ‘ 

„ iron (*re.M, 180. 

„ ore.s, 171. 

„ tin ores, 208. 

„ ziiie ore.s, 287. 

Rocchling-UodenliHUscr furnace, 234. 
Roman eemc^nt, 12. 

Roofing materials, 25). 

Ro.scoc'Utc, 3(>2. ! 

Rose’s 310. i 

* „ methofi of relining gold, 343. j 

Rosin grease, 103. \ 

Rossi's forrotitanium process, 101. j 
” IVubber ” gold, 338. I 

Ruby silver on?, 324 j 

R\m-slag, 271. j 

Russell proee^s for silvi^r, 332. 

Rust, Analysis of, 40. 

“ Rust joint,” 44. 

Rusting by galvanic action, 47. 

• of iron, 45, 142. 


S 

Salinj: waters, 135. 

„ ,, (’orro.sive action of, 

139. 

Salinometcr, 135. 

Saniarskite, 303. 

Sandstone, 1,2. 

Saniter steel process, 208. 

Sarco combustion recorder, 101. 
Saxop.tin furnace, 300. 

Soheelite, 301. 

Schists, Cujuiferous, 239. 

Sclerometcr, Tumcr’.H, 33. 

Scorification for purifying copper,' 
‘251. 

Scotch hearth for lead, 271. ! 

Sea water. Analysis of, 135. 

Se<jpndary cell, 122, ' : 

„ ,, plates, 

Seger's cones, 112. ^ 

Segrogatidn in steel, 216. 

Selenide of silver, 3^4. 

Self-reduction of antimony, 30,3. , 

of fine metal, 247. 


Self-reduction of lead, 268. 

„ „ -of ores, 172. ^ o - 

Semi-water gas, 88. ^ 

„ ., Calorific value of, 

89. 

,, ,, Composition of, 89. 
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„ Lead, 273. 
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Ore furnace, 243. 

„ Gift, 271. 
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„ Boiling is>int of, 366. 
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„ Distillation of, 364. 
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,, molybdate, 361. 
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, Reduction of, by carbon, 

364. 
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„ tungstate, 362. 
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Melting point of. 284. 
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from, .^14. 

Sj)eltcr, 43. 

„ (east zinc), 290. 

.Sjient ]ivriles, E.xtraetion or copper 
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Steam in Pat^inson process, UCT'of,' 
280. 

,, raising. Chemistry of, 131. 
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Steel, Air-hardening, 222. 

„ basic. Analyses of, 205. 

„ Bessemer, Analysis of, 201.. 
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„ Cause of hardness in, 219. 
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221. 
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Sterling silver, 334. 
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„ Porosity of, 38. 

„ Portland, 6. 

„ Preservation of, .50. 

,, Purbeck, C. 
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,, . Calcareous, 4. 

„ ’ Siliceous, 1. 

Stonesfield slates, 29. 

Storage cell, 122. 

Siourbr^ge bricks, 8. 

Stove, CSwper, 182. 

„,. Hot-blast, 182. 
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iSulphurctlial hydrogen in water, 139. _ 
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.Sun’s energy, 12K. 
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Swedish electric smelling furnace, 
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Talbot steel process, 209. 
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Tantalum, 303. 
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Tar, Composition of, 71. 
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''■CBinperatures, IndustrUl, 114. 

„ of tempering steel, 
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Tempering stool, 217. 

“ Temporary hardness ” of water, 
‘ 133. 

Tenorito, 238. 

Tensile strength of brass, 25. < 

a „ of east iron, 10. 

„ „ of eement, 13. 

,, ,, of gun-metal, 25. 

„ ,, of ingot iron, 21. 

„ „■ of magnesium, 350. 

,, ,, of D)etals, 19. 

,, ,, of nickel steel, 28. 

,, ,, of wrought iron, 18. 
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19. 

,,u „ Elongation of, 19. 

Testing cement, 12. 

„ machine, 19. 

„ ,, for cement, 13. 

Tests for brasfc, 25. 

„ of hardness, 33. 

Thenardite, 364. 

Thamal data for reduction of zinc, 
286. 

Thermite process, 42, 354. 
Thermo-electric pyrometer, 113. 
Thermometers, 108. 

„ Potassium ■ sodium 
alloy for, 307. 
Thermophones, 110. 

Thermopile, 113. 

Thomas-Gilchrist process, 204. 
Throat of blast furnace, 182. 

Tidal power, 127. 

Tiles, 29. 

Tilting furnaces, 209. 

Tuq^er, Decay of, 50. 

Preservation of, 55. 

Tin alloys, 302. 
amalgam, 302. 

„ Black, 299. 

.Common, 3(M). 

„ crude. Impurities in, 300. 

„ Disintegration of, bv cold, 302. 

„ foil, 301. . ■ » 

„ ''Grain, 300. 

„ Grey, 302. 

„ liquatbn of, 300. 

„ Meltingjjoint of. 301. 

„ ores, 297. " 

„ „ Dressing, 297. 


Tin ores. Boasting, 298. 

„ „ Timgsten in, 299. 

„ plate, 32." 

„ pyrites, 297. 

„ Refining crude, .300. 

„ scrap. Treatment of, 3C«. 

„ Specific gravity of, 301. 

„ stone, 297. 

„ „ Reduction of, 299.^ ' 

,, „ Specific gravity of, 301 

„ Uses of, 301. 

„ white cobalt, 318. 

„ Winning of, 297. ^ 

„ Working temperature for, 301. 
Tinman’s solder, 43. 

Tinned copper, 48. o 
„ iron, 32. 

Titanic iron ore, 177. 

„ „ Smelting of, 225. 

Titanium, 191, 207. ^ 

,, compound in blast furnsce, 

177, 18S. 

„ steel, 207, 222. . 

“ Titanium thermite,” 3.54. 

Tommasi lead refining process, 283. 

“ Tops and bottoms ” nickel prooess, 
312. 

Tossing tub, 338. 

Toughening copper, methods u^, 

251. 

gold, 343. o ... 
“ Tough-pitch ” copper, 261. 
Transmission of cnergj’, 129. 

Trap, 4. 

Treatment of mixed sulphide ores, 
291. 

„ of nickel ores at Sudbury, 
311. 

Troostito, 220. 

Tube, “ Compj.,” 285. 

„ furnaces, 242. 

Tungstate of sodium, 302. 

Tungsten, 301. 

. ,, in tin ores, 299. 

,, in steel, 22, 222. 

Turbine oils, 161. 

Turner’s sclcromctcr, 33. 

Twyers of blast furnace, 182. 

Type metal, 285. « 

Tyre steel. Analysis of, 21I,j 

li 

V 

“ VaLVOL^NE,” Ig”. 

Vanadic anhydride,,.‘163. 
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VftniKliuiii ores, 3(>2. 

• * steel, 22, 222. 

„ Uses of, 36jl 

„ Winning of, 302. 

Vfumer, Fruo, 298, 338. 

Vapour compression rcfsigerating 
machines, 106. I 

,, galvanising, 31. U 

Electrol 3 rtic Comi)any’s cal- j 
ciuin prooc.s8, 3o(i. i 

’ „ Electrolytic Company’s I 
magnesium process, 365. j 
Electrolytic Company’s j 
sodium process, 306. 
Visco^ty, Influence, of temperature 
155, 158. 

j, of oils, 155, 157. 

„ Standard of, 155. 

Volatilisation process for antimony, 
^ 05 . 
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Wab, 368. 

Wanner’s pyrometer, 115. 

Washoe process for silver, 328. 
Waste of fuel by boiler incrustation, 
i38. 

Water, Bicarbonates in, 132. 

„ Bfackish, 135. 

• „ Calcium sulphate in, 132. 

„ ferruginous. Softening of, 
147. 

„ gas. Analysis of, 87. 

„ „ Calorific value, 88. 

„ „ producer, 87. 

„ “ Hard," 132. 

j, in axle grease, 162. 

Magnesium chkride in, 130. 

„' •Peaty, 134. 
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Water, softening by mamesia, 148, 

„ „ by sodium alumi- 

|iato, 140. 

„ ,. by* sodium car¬ 

bonate, 147. 

„ ,1 ,, by sodium fluor- 

' ide, 149. 

Iiy sodium phos- 
)ihalo, 140. a 
in the boiler, 149. 

,. .Sus|X‘nded matter in, 139. • 
,, '■ 'remporarv hardness ’’ of, 

133. 

,, yielding strata, 132. 

Waters, Classification of, 131. 
Wedgwootl’s pyrometer, Ktfi. 
Wcldmg, 40. 

„ Elect rical, 41. 

Wellman charger, 207. 

„ tiltmg furnace, 2(19. 

Welsbach light, 94. , 

Welsh copper process. Diagram oi, 
252. 

,, process (or copper, 240. 

„ „ „» analyses of 

products, 
253. 

“ Werk-hlci," 277. 

Wet extraction, 171. * 

„ „ of bismuth, 308. 

,, „ of copper, 255. 

,, proces.s for extraction of silver, 
328. 

Wetherill magnetic eoneentrator, 
180. 

Whinstone, 4. 

White iron, 189. 

“ Wliite metal," 245. 

! White metals, 20, 285. 

; „ Tin, cobalt, 318. 

; “ Whitening ’’ iron, 194. 


‘ Permanent hardness ” of,' Whitwell stove, 182. 


133 

power, 120. . 

Kain, 134. 

Saline, 135. 

Idea, 135. 
f5oft, 134. 

strftened. Subsidence of pre- 
^ cipitates in, 160. 
sofloning by barium salts, 
,149. * 

„ byiwaustio ebde, 
148. 

,. .< tty beatilg. 145, 

„ - by ijme, 146. 


Wiborgh’s pyrometer, 110. 

■ „ thorraophone.s, 110. 

! Wilfley table, 298. 

WUlemite, 286. 

Wind energy, 128. 

Winning of metals —me under separ¬ 
ate metals. 

Wohlwilt gold refining jirocess, 343. 

WoIfram,^®r^ 1 • 

Wood asTu5, 69. 

„ f (iklarinc value of, 4S9. 

„ Charred, 56. ^ 

„ creo8Ote,W)0. 

’ „ • Fireproof, 56. 
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??f'^k4e«d,’' 277. 

Worlffltooo,” 271. 

■.^VroughtiKin, 17. 

u;-- ’ *> » Analysis of, 18. ■ , 

'» .11 direct production, 

J92. 

■■» <■ Influence of impurities 

on, 18. 

„ „ I’cnsile strength of, 18. 

„ „ Yield point of, 20. 

: Wulfenitc, 360. , 


lYtEttow metal. 24. 

T Yield point," 20. 

„ of wrought iron, 20. 
Yorkshire flagstone, 2. 


StaRvoosL’s process 255. 
^SSiBMltun 353. 

.Zinc alloys 296. 

“ amalgam," 280. 

’ „ Amalgamated, 120. 

„ as a source of energy, 120 
:. ), Boiling point of, 11^ ^6. 
■ „ carbonate 286. 
t. „ Basic, 286. 


Zinc, Cast, spelter, 290. 

„ Corrosion of, 48. , " 

„ crude. Impurities in, 290. 

„ Deposition of, Mond process. 
. . 293. ■ ■■. i 

Distillation of, from ore, 289, ' - 
,, dust, 290. 

Vji) Electrolytic winning of, 291'; 

,, fume, 287. 

„ „ flltration, 291. 

„ Heat of oxidation of, 118. 

„ iron alloys, 296. 

„ Melting point of, 112, 295. ‘ 

„ ore, Bed, 286. 

„ ore.s, 285. . . *“ 

„ „ Concentratii X 287. 

„ „ Electric smelting of, 293! 

„ „ Boasting, 287. 

„ oxide, 286. 

„ refining, 290. 

„ retorts, Belgian, 288. 

„ „ Silesian! 289. 

„ silicate, 286. 

„ Solubility of lead in, 280. 

„ Specific gravity of, 295. • 

„ s^phide, 285. 

„ Thermal data for reduction of, 
286. - 
„ Uses of, 295. 

„ Winning of, 286. 

„ Working tcmiwrature .'or, 295. 
Zinced iron, 30. ' . , 

Zinceisen, 296. ■ 

Zincite, J77. 

Zi^m, 353. 

ZiskoB, 353. 
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CHAPTER I. 

THE CHEMISTRY OF THE CHIEF MATERIALS OF 
CONSTRUCTION. 

Thk penniinency of ii pivcii .slriutiirc aiul the dooroo in wliic. 
it i.s fitted for its use, do not depend exclu-sivelv upon th 
•mcelnvnical strenutli of the ninterials eoinposin" it, fmt ar 
largely influenced by tin? i-heniienl composition of these material 
iind by the chemical conditions to which they are expoaerl. I 
follows, therefore, that a knowh'dge of the chemistry of the, ehie 
mateiials of construction is necessary in deciding of,what materia 
a given structure is to be built. 


STONE, BRICK, AND CONCRETE. 

A tough classification of natural stones used'at all lai^cly fo 
buil(iing purpdSes, may be made by dividing tlumi into th( 
gioftps siliccirus and cakareous. The following anr brief descrip 
tipns of the chief building stones commonly used * 

1. SILICEOUS *6TONES.—Sundstono is compo.sed of graiiy 
^ qu^t! (.9!7 )ot) cemented together to form a cohere™!; mass. 
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St* value as a building material depends largely i n the substance 
effltj'nting the grains o£ (piartz together, as oi’a»the removal i 
o! the agglutinant, disintegration of the stone naturally Ibllows. 
The nature of the agglutinant varies considerably. Sfliceous 
matter |tself sometimes constitules the cement and the stone 
is then a mass of nearly pure silica, and is both refractory to 
weathering and dilficult to work. An argillaceous cementihg 
material (composed essentially of silicate of alumina) is more 
easily attacked than a siliceous agglutinant, and the sandstones 
conttiining the former are, therefore, less refractory to wi'athering 
than those Judd together by the latter. A special form of sand¬ 
stone, laminated by layers of micaceous matter, is that known 
,as Yorkshirn fiaffslune and used for street jiaving and making 
acid-proof apparatus— c.g., chlorine stills ((/.e., Vol. II.). For 
th(' latter jHirjwse the laminar character of the stone and its 
freedom from cementing material othi'r than siliceous matter 
I'oustitute the advantages which it jirescnts. Felspar also occurs 
as a cementing material of sand.stone. (When the felspar is more 
or les.s decomposed into kaolin the sandstone falls into the argil¬ 
laceous category.) Miudi milktnne i/ril, whiidi is a coarse grained 
sandstone, very tough and resistant, is thus cemented. Other 
cementing materials of less importance arc oxides of iron, giving 
the sandstone a yellow, brown, or blue colour, according to the 
state of oxidation of the iron. The presence of iron pyu-ites, 
which sometimes occurs in sandstone, tends to bring about the 
disintegration of the stone on weathering by the oxidation of 
thr pyrites. Sandstones cemented with iron o.xides are less 
permanent in character than those held together by siliceous 
agglutinants. Barium sulphate has also been found to exist as 
a cementing material of certain sandstones. • 

A cementing material comparable in importance with those 
of the siliceous class, is the calcareous matter frequently founij, 
fullilling this function. Such sandstones are held together by 
calcium carljonate and are more readily worked thivi the 
siliceous variety, coming in this respect under the head of 
Irre-.stones — i.c., stones which can be easily sawn and wrought 
into shape without chipping and grinding. iSuch sandstones 
are, however, somewhat easily attacked by WT'atheriug, as will 
be explained at Jhe etd of this chapter. Besides the cjmenting 
materiifl of, a sandstone, the .size and shape of the constituent 
graips are of importance in influencing the charac1;er of the stone. 
Thus, in saiufstonc of ideal quality from the point of view ml 
mechanical strength and non-porosity, the m-ains should be pf 
s*ch assorteil sizes as to leave a minimum amount of spai^ 
either fniociunied or tilled bv the cementine: materiiKi.., Tim 
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s>!iteim*nt iLa^^ic coarser the craiii the more duiatjie the 
stone (otherfilings being e(imil), is not based on satishn/oi'y 
(xperiffientid evidence. Witit regard to resis(a.nce to weal In'riilg, 
especially to the action of fro.st, it has beetp-ecentiv shown tliat 
a less porous stone is not necessarily more resistant t^ian one 
more porous, as the latter allows room lor the expansion of the 
absorbed water in freezing and suiters less di.sintegration (e.i.). 
t)bviou.sly, this posse.ssion of spaces cajtabh* of allording room foi' 
e.xpansion in freezing may comi)ensate for the tendency of such 
a .stone to absorb and hold a large* ipianlilv of water. 'I'lu* 
following analyses of sandstone grits are typical - 



< 'I'it. ('anilii'iini 
(Ualiiioiitli). 


j Cai'lHinilcroiis 
Millstoiii- Iii'it. 
!• (<'iliiilK’i'laiiii). 


! 

I 



Granite consists of a mixture of jebpar (ii.suallv a. <lonble 
silicate'of alumina .and potash or soda—c.;/., orthotiase, OSiO,.. 
.^LO;,. K..0—or of alumina, lime and .soda—e.i/., oligoela.se, 
3SiO^. Al.O;. Cat). Nat)) i/uarlz (.silica), and niira (a double 
silicate of alumina and magnesia,, potash or soda— rj/., fiMgO. 
Al ,0;,. ISiO.j*). An average i)roportion of these constituiml.s 
is 10 to .')<) per cent, of felspar and -10 to percent, of quartz, 
the remainder b(»ug mica, A large proportion of miciif es|jeeially 
in jikfles of an apprcci.a hie size, l aiises the granite to poii.sh 

t The coni))lexity of mica, owing to the reiilacciiicnt of*me oxide by 
aiij^ther. is such that itf general forniul.i ni.ay he writtcu 

llKAljI'eg) . (,\lFe),(>j . t.Siin. 
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^ijaSily and to fade quickly. The mica is only, as werefa filling 
th^tiuartz- and felspar are the constituents of gr^^te which aro 
oi real mechanical importance. Si/enilic granites haVe the 
mica partially or wholly replaced by. hornblende ([FeMgJO. SiO,,) 
which i:^. generally black in colour. It is evident that tiiis range 
of composition involves a corresponding range of appearance and 
properties of granites. A granite containing much quartz and 
a stable form of felspar is refractory to destructive agencies, 
but hard and difficult to work. Such a stable form of felspar 
is generally vitreous and transparent, allowing the light to pene¬ 
trate the rock and to be rcHectcd from the darker constituents. 
A soft earthy felspar is opaque, and causes the gi'anite to appeiir 
lighter in colour; hence it happens that conspicuously white- 
granites arc usually little resistant to weather. The colour of 
granite may vaay from grey to red. The former colour is due 
to the magnesia mica (Imlite), the latter to a red variety of 
potash felspar {orlhoclase). Iron stains in the granite indicate 
unsoundness, and granite in which the felspar is earthy in appear¬ 
ance is also inferior {v.s.). Granite, being an igneous rock— 
that is, one which has solidified after fusion, probably under 
pressure—is impervious and non-porous, and suffers destruction 
exclusively from without. Its permanence depends on the 
size and degree of coherence of its constituent minerals, the 
close-grained kinds, formed of small interlocking crystals, being 
the most refractory to destructive agencies. Syenitic granites 
, are harder and generally more durable than ordinary granite.s. 

•Gneiss, which is a granite in which the mica occurs stratified, 
is also used to a certain extent as a building material. Wldn- 
stone and Iraji (both known as “ greenstone ” from their colour) 
arc also igneous rocks used for building, and consist chiefly of 
felspar and hornblende. 

2. CALCAREOUS STONES.—Marble in the strict sense is 
calcium carbonate, approximately pure, crystallised as calcite. 
There is no fUard and fast line between limestone, and siarble, 
but by general consent the latter term is applied to those forms 
of calcium carbonate which have a well-marked crystalline 
fracture, like that of loaf-sugar. It appears that marble ha.s 
been formed geologically by the heating to a plastic condition 
of forms of calcium cjerbonate, of looser structure, unde^ pressure 
sufficie'nt tp prevent the e.scapc of CO.j, which would otherwise 
hav,e been eliminated below the temperature of fusion. ,,, This 
change has been effected experimentally by Le Chatelier, "wsho 
found it to 'occur at 1,020° C. = 1,868° F., an hour’s exposqje 
sufficing to produce artificial marble. Tile purest form ^of 
iharble' is white and without veins, Carrara marble sbg^dng g,s 
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, an example. JjRe colours of niarbles other than white are 
no the^prese;^. of various impurities. Thus, ordinary wf.rijc 
marble^ with dark voin.s i.s coloured \\ ith metallic oxides—c.f/., 
tho.se of iron ; red marbles are also (<)l(>ure,<l w ith iron as ferric 
oxide, and black marble owes its colour to bituminous*matter, 
a.s^inuch as 1'I8 per cent, of carbon havina' been found in an 
Irish specimen. Some marbles are distinguished liy markings 
due to enclo.sed fossils—c.i/., tho.sc from Derhvshire. In addition 
to the above va.rietics, certain siliceous stom's are oltim com¬ 
mercially termed '■ marble,” although in no .sense true ma.?ble. 
Thus, serpentine, which is an hydrated maynesi^mi silicate 
cimtainino iron, is frequently ca,lled " ma.rble,” but is distin- 
sruished physically (apart from it.s chemical dilference) by its. 
structure, which is not c ry.stalline. Tlu' following are arialvses of 
•serpentine :— • 



)’<T Ct'Tlt. 

I’lT I'cni. 

SiOj, . 

.’iSvSO 

40 011 

AljOa, . . . . 

1 ().T 

1 •S7 

t-rjOsi. 

0-42 

0 20 

FeO, .... 

9-79 

.3-43 

ZdO. 

0'30 

Cat),. 

.•i-4C 


MgO, ..... 

SI 74 

30'02 

NajO. 

0S2 

MnO, ... 

Trace. 

0'09 

NiO. 

Trace. 

0-71 

COj, . 

S'6G 

Combined water, . . . ‘ 

12-80 

I2T0 


lOO-OO 



Alabaster (hydrated calcium suljihale) is also termed “ marble ” 
in the^rade. .Marble is only used for ornamental building, except 
when its abundtincc at the spot wdiere, it is to fie flsed make.s it 
sufficiently cheap as a strm tural material. The rvaste of marble 
cutting is jiowdercd and used for making CO,, for preparing 
aerated waters. 

Limestone is a compact form of calciiyu carbonate, ranging 
from*a ^laterial .somewhat less definitely crystaflinc than*marble 
to oge devoid %f ery.stalline sti ueture. The carbonfterous lime- 
SttflTes are very compact; lias limestone i.s also*compact,* but 
o^ntJins a good deal of clay (see ( 'ement, Vol. 1I.).» Kefitish rag 
• 

• * Thi^nalysis is incomplete, but shows tlie ehamcteristic constituents 
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fi!i tougli limestone containing clayey material, aVl often coloured 
A'itik. oxide of iron. Some varieties will not weathering, 
rlie structure of many limestones resembles that of .sandstone, 
Dcing granular ; an example is furnished by oolitic iiniestone, 
;he graifuies of whicfi are large, definite and rounded. Portland 
itone is an oolitic limestone. Bath stone is very variable in 
juality, some varieties withstanding weather well and others 
jeing easily disintegrated ; it is easily worked, and hardens 
ifter exposure to air. The more nearly limestones approach 
mafble in structure, the more durable they are. Purbeck stone 
is a shelly'- limestone consisting largely of small fossil shells. 
Besides these, which are approximately pure limestones, otlnss 
tare found intermixed with serpentine and similar siliceous 
minerals. True dolomite is a double carbonate of calcium 
and magncsiuiiF, (.'orresponding with the formula CaCO.,. MgCO,.; 
it ranges from this composition to that of ordinary limestone 
(which always contains a small jjroportion of magnesium car¬ 
bonate) ; it is a hard and durable stone. The nearer a magnesian 
or doiomitic limestone approaches the composition of true dolo¬ 
mite, the more durable it is. 

All the above calcareous stones are from their nature le.ss 
fitted to withstand the action of weak acids than are the siliceous 
stones previously described. The (-auses of their destruction 
will be dealt with later. 

Artificial stone is considered in the section on Cements, Vol. 11., 

I p. 151. 

8. BRICKS * may be regarded as blocks of artificial sandstone 
with more cementing material than that which is present in the 
natural varieties. In the trade many kinds are known by name, 
but they cannot here be considered individually. Kiln-bricks- 
are more uniformly burnt and more generally reliable than 
clamp-bricks, t which arc apt to be unevenly burnt, tnanv o*^ 
them (particularly those on the outside of the clamp—“ jilace 
bricks ”) beiij'g often soft from iii.suHii-ient burning. Obi the 
other hand, those near the flue-holes of the clam]) are u.suallv 
over-burnt. (For the construction of kilns used in brick-burning, 
see section on Clay Industries, Vol, II.). Clamp-burnt bricks are 
classified according to the preparation of the clay of which they 
are made into malms, washed and common stock. 'i'Jie fir.st- 
named are made from clay which has been ground with chalk, .so 
as tc make an artificial gault brick {v.i .); the second are made 
from cl^v freed from gross impurities by w'ashing ; and the hwt 

See also secUoa on Clan ludantt iatt, VoL 11. 

t The <;rc'‘5tangular lu‘ap of bricks, itself constitulinj; the \valls^^,nd llut-4 
f the furnace, is ki^owu as a “ clamp. " 
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are manimicturyi Irom the untreated clay. Eai li clamp of Ciwlil 
1 kind yields br:jw.s differing in (jualitv according to their burning, 
involving a further clas.silication which is a matter of pun4v 
trade fntere.st. The following among the less ordinary kinds 
require separate mention. 

Red bricks are usually made from a fairly clean clay* nearlv 
fr?e from lime (which would jrroduce a yellow tint), aird contain¬ 
ing a good deal— r.ij.. 10 per cent.—of ferric oxide, to which 
their colour is due. The following is ,in example of such a clav 
in the air-dried state :. 


In.soluMe silicates am] siiml, 

fVr 1‘fnt 

Combined .silica, . ! . . . 


Alumina,. 


Ferric o.xiile, ...... 

8':i9 

Lime, ....... 

Magncoia, ...... 

1 '08 

:t-4r> 

Potash, ....... 

2 9(> 

Soda, ....... 

. . 015 

Moisture, ....... 

1 68 

Coml)inc(l water, organic matter, and loss, 

5-.34 

100 00 


Gault bricks are made from gault clay, which (ontains .some 
25 per cent, of calcium carbonate. They are liglit in colour and 
easily fusible, and thus need special care in burning. * 

Blue bricks are made from highly ferruginous clay, the iron 
in which is rediuaal to the .state of magnetic oxide in tlie prog'ss* 
of burning. They are fired at a clinkering tem])erature, and are 
therefore sintered together and less poious tlian ordinary bricks, 
•while their mechanical strength is greater A common 

kind of blue brick is only 'uperficially “ blue,” having received a 
joating of ferric oxide, pivviously to Ijeing burnt. Such brk'ks are 
we<aker a.nd more pervious (as soon as the outer surf.ace is de¬ 
stroyed) than genuine blue bricks, which are sintered throughout 
their mass. The standard size and weight of a ?ommon brick 
are inches X inches '< 2] inches, and 7 lbs. respectiveh'. 
Special shapes and sizes—for curved structures—are als(» 
made. 

Fire bricks differ from ordinary bricks in that they are made 
of clSy nearly free from oxide- capable of actiftg as fluxes—C.p., 
ferrd oxide, little, magnesia, and alkalies. 'I'liere ar? two classes • 
oibrdinary siliceous fire bricks, viz. (1) Those•composetf of a 
irue’refractory clay (silicate of alumina), to which rtfractory 
^nd or burnt refActory clay has been added to prevent untjpe , 
^rinlc^'e in drying and firing ; and (2) those t omposed i»f nearly 
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\;j)ure silica, with a minimum of foreign oxides cMable of serving 
as- cementing material. These types are illustrs^ed by Stmr- 
bfiJge and Dims fire bricks respectively ; analyses of such clays 
are appended :— " 


a 


I'laslk- 


“Clay.” 


Quartz,. 

HO-S 


(ombined silica, . 

g7'0 

1 (is 

Alumina, .... 

23-3 

1-40 

l''erriC oxide. .... 


0 4!) 

I'errous oxide, 

l-S 


Lime,. 

0-7 

))-2!) 

Water and oi-ganic matter, 

10-3 


Alkalies, .... 


O-ill 


‘111-4 

100 00 


Bricks of these materials are, burnt in kilns at a high tempera¬ 
ture, in order that they may not alter in volume v'hen in place 
in the furnace in whicli they are to be used. Dinas “ clay ” is 
found as a loose sand, and re(]uires the addition of a small per- 
cenbige of lime as a cementing material. Canister, which is a 
similar material to Dinas clay, is found as a sandstone, and for 
furnace lining is generally ground and moulded in situ. Highlv 
siliceous bricks usually expand when strongly heated, whereas 
‘ those made from plastic clay contract.* The size and shape of 
lire' bricks are. even more various than those of ordinary bricks, 
on account of the need for accurate fitting of furnace linings. 

The foregoing bricks are “ acid ” in character— i.e., being com¬ 
posed largely of free silica (quartz), they are capable of acting 
as an acid material at high temperatures, and of fluxing in 
contact with a basic substance, such as lime. The more nearly 
a fire brick approaches kaolin in composition— i.e., the smaller 
the proportioif of free silica it contains—the less marked are its 
acid properties and the better is its resistance to basic fluxes. 
On increasing the proportion of alumina until an ultimate com¬ 
position corresponding with that of bauxite is reached, a nearly 
“ neutral ” brick is obtained capable of withstanding fairly the 
action o.* both acfd ami basic oxides. A typical composition of 
a bauxite brick is ALO., 70’7 per cent., Fe^O., 'IS'fi per cgnt., 
fSiO.j '15'7 per cent. „ 

Chromite (chrome iron ore) has also been used to furnish a 

t .Such bricks loqairu an allowance of one-eighth of t'ln'ir linear dimension,;, 
for .shrinkcigs in drying and burning. 
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fairly neutral ifriek, liavinj; an iupi'ai;e composition of €r,X);J 
50 per cent., IW 30 percent.. AljO. 15 percent., SiOo 5 per .cent. 
Such k mateiial is often used on account of its nppro.xim.ate 
neutrality, in order to separate acid and basic bi-icks (r.i.) when 
both are used to line one furnace, tlic former being generally 
adopted for arches where mechanical strength is necessary, and 
tlTe latter for bottom linings where basic materials have to be 
fused, or (as in a steel furnace) where a basic condition is laupiisite. 

Carbon bricks liave been prcj)a.rcd from retort carbon, ground, 
mixed with tar, and burnt; they are not only neutral in diar- 
acter but have little tendency to alter in volume in *110 furnace, 
and are bad conductors of heat. 

Soapstone {magnesium silii atig (i.MgO . 5Si(),. g’lI A)) has also 
been used as a neutral furnace lining ; it is, however, attacked 
by basic materials, « 

Basic bricks, which a.re largely used in steel making by the 
basic proce.ss, are prepared either from dolomite (double car¬ 
bonate of calcium and magnesium), or from magnesite (mag¬ 
nesium carbonate), 'i'he former substance, though burning to 
a hard and refractor)- state, slowly slakes a.nd disintegrates on 
e.vposure to air; the latter is free from this (hdect. Both 
substanc-e.s are more commonly used to line furnace.s hi niiu 
by ramming the crushed material, mi.vcd with tar, so as to form 
a layer on the surface of the l)ottom. Actual bri<'ks are usua.ll\v 
prepared from magnesia, moulded utuh'r heav\- i)ressur(> and 
burnt at a high temperature. The best form of crude magne.sia, 
for basic bricks is that prejjared by calcining Stvrian magne.stte, 
and has the composition—iilgO 77'fi per cent.. Cat) 7'3 per cent., 
AhO;, mid .Fe.jO ;. I3't) per cent., Si(h 1’2 jier cent. The im- 
^uirities^Jiresent aid the sintering of the brick to'a compact mass. 
Magnesia, ivhen “ dead-burnt ” at a, high temperature, is ilevoid 
♦f plasticity, and in ordci to be moulded must be mixed with 
half its volume of lightly burnt magnesia, or a little nuignesiuin 
acetat* or chloride. Magnesia, bricks do not tl*ix with acid 
bricks below 1,()00' = 2.912 F., but above that temjicrature 

slag readily ; their beluix ioui- with neutral alumina bricks is 
similar. They are irsed for lining basic .steel furnaces, cement 
kilns, furnaces for i-eburning strontia in sugar works (sei* Sm/ar, 
Vol. JI.; and for lead smelting works, being ti.elit to that metal 
and to its o.xide which readilv jienetrates a.cid brick^^ AVhough 
all bricks (acid and basii-) are (ommonly termed refraijory, 
y(»t the term is over-wide nnl '.s.s the condition.s undg' which 
the bricks are to be used ai-e specified. iSuch bricks may be 
lyoperly termed infusible—I'.c., at industrial temperatures, 
it i.s .^op^r to observe that there is a difference betweei^ 
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^nfasibility and refractoriness. Both “ acid ” TSrc bricks, i.e.^ 
those consisting mainly of silica, and “ basics ” bi^tk.s, e.i). those 
cohiposed of lime and magnesia, arc infusible at any temperature 
commonly employed, but they ma\' only be called refractory 
when the conditions under which they are used are accuratelv 
defined. Thus acid bricks are unattacked bv silica and acid 
silicates, but are corroded by mixtures containing a preponder¬ 
ance of basic oxides, the reverse being true of basic bricks (c/. 
the remarks on the subject under Cemmt. \h)l. II.). 

4.^ CONCRETE consists of a mixture of “ cement mortar ” 
with an “ aggregate.” By cement mortar is meant a mixture of 
sand and cement, as distinct from one of sand and lime con¬ 
stituting common mortar. 'I'he aggregate is simply some form 
of broken stone or pebbles that happens to be readily available 
at the place whom the mortar is made. The advantage of concrete 
over all other building materials is that usually only one (and that 
the least weighty) of its (amstituents has to be brought from a 
distance—viz., the cement. The concrete is either made in 
blocks * near the place of use, and slung into position, or laid in 
situ —that is, placed when freshly mixed and still plastic in its 
ultimate position as part of the structure. An extreme form of 
such adaption is afforded by “ grouting,” in which a thin cement 
mortar is forced as a. semi-lluid to till spaces not otherwise access- 
,^ible. With regard to the sand used in making cement mortar, 
It may be said that it should bo sharp, fairly coarse, clean, and 
^free from clay, loam, or peat. The aggregate must be chemically 
indifferent to the cement, and must have a fairly high compres¬ 
sive strength. It should preferably be in angular fragments of 
irregular size, and with a. moderately rough surface, to favour the 
adherence of the cement. Clean ” burnt ballast."f fragments of 
hard limestone, granite chipjiings. broken Ijrick, and the like are 
serviceable as aggregates. 'I'lic proportion of sand to aggregate: 
and of cement to both must be so adjusted that itnlilled spaces 
between adjapent fragments of aggregate may be as fo'v and 
small as possible, and the concrete block “ solid ” throughout. 
With aggregate and sand of ordinary (piality a mixture of 1 part 
of cement, '2 of sand, and 4 of aggregate by volume makes a good 
concrete, thotigh frequently mixtures much poorer in cement 
are used. In inaking .concrete, thorough mixtures of tlpc ingre¬ 
dients iifust be secured, and the water must be addeii by sprinkling, 
so as,^to get the mass uniformly wet. A porous "a,ggregatcemay 
require jnevious wetting to ensure the presence of suffjfio.it 

* Hugo blocks ot (■oncrcto, which may be icgaideil ss aitificial moiioUths, 
^ arif'much used in heavy liarbour worls. 

t This Inatoiial is biii iit clay : " Thames ballast is giavel. 


( 
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I water Jor meyrnim^ of tlie eenieiit, ami the .surface 1o wlifei 
the plastic maW is to be applied may also need wet tiny for tin 
same reason. Regard must be had to the setting lime of tin 
cemenf (which varies largely with different .specimens, v.l.), ii 
order that the concrete may be got into place befor<* selling 
has begun ; otherwise, the half-sot cement will be disturbed and 
its coherence impaired. 

The objection to concrete for [turposes wliere a space has ti> 
be .spanned i.s that its tensile .strength is comparativeic low. 
During the past few years the practice of embedding iron'ainl 
steel in the .substance of the concrete for the pul■pose^)f strength¬ 
ening it hiis grown rapidly iri favour. Such “ ■rc-iiijiiri'i’d con¬ 
crete ” (ferro-concretc) nniy, tln'refore. In' described as I'ortland. 
cement concrete with iron or steel embedded in such a manner 
that both materials, intimatelv connected witJi one another, 
can jointly e.xercise a .statical effect against exiernal forces. 
In this way .advantage is ta.ken of the high tensile strength of 
the iron or steel and the high com])re.ssive strength of the con¬ 
crete. Tlic statical co-operation of the two material.s, otherwise 
.so unequal, is based on the following accepted facts :—(«) 'I'lie 
concrete, when well made, protects the enveloped iron against 
oxidation, {h) The adhesion of I’oitland cement to iron i.s very 
considerable, and nearly equal to the shearing strength, of tlie 
concrete, (c) The coefficient td linear ex])aii.sion Ihroiigh < hangi 
of temperature of concrete and steel i.s nearlv e(|ual. E.\])eri 
ence h.as shown that safe protection against rust and a suHicien 
adhesion can only be, obtained if the projtortion of cement*ii 
the mixture is not too meagre, and if the concrete is suflieientb 
impervious, 'rhe-utility of re-inforcement has led to the develop 
^nent of many .systems of construction, .similar among themselves 
and having proprietary titles. 'I’heir principle is sound, and the;' 
kave proved successful in ])ractice. The most successful method 
are those in which the re-inforcrmient is in divided foiins, thes' 
being «.rranged .so that the stresses encountered*ma\' be ade 
quately met. The application of this is to be found in the alinos 
general use of rods, light bars, and exptinded metal. 'I’he systen 
is adapted for the erection of tire-proof buildings, light bridge 
of moderate span, and for the manufacture of )upes of large 
diantfte#. • , ^ 

The cement^u.sed in making concrete is necessiyilv not an 
aerj^ cement .such as t ommon mortar. By an^ aerial cement 
a#distinct from an hydraulic cement is meant one^that,hardens 
by e.xposure to aii- the hardening being due to desiccation and 
c»rbonation. In the iieart of a concrete block both operaticfh.s 
%'Ouldj^cciy so slowly ivg to prevent setting in a^ reason.'djlc time^ 
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Moreover, common aeriiil mortar is too weak \Tethanicallv to 
b^ar the large dilution with inert sand and aggi^gate, which is 
perfectly suitable for a strong hydraulic, cement. In addition, 
much concrete is used under water, and its cement portion must 
be unattacked by water after the first hydration, which cau.ses its 
setting. The cements u.sed for concrete are, therefore, ahvays 
.strong hydraulic (cinents. Portland cement is most largely 
employed, though Roman cement, puzzuolana cement, slag 
cement,* and hydraulic lime are also thus utilised. (For a 
description of the manufacture and cause of setting of these 
<-ements, sell the .section on (.’emeiU, Vol. II.) Besides being used 
for making concrete, cement is employed for jireparing cenieht 
' mortar—f.c., oi'dinarv mortar with the lime leplaccd wholly or 
partly by cement. It is used in the same way as common 
mortal' where e'xira strength or resistance to water is required. 
It is also used for facing work, lining tanks and reservoirs, etc., 
on account of its imperviousness. “ Neat ” (unmi.xcd) cement 
is but little used, as when spread as a facing it is liable to crack 
from irregidar contra,ction. 

Ordinary mortar should be made from good ‘"fat” lime (sec 
Linte) and sharp sand (1:3 liy vol.), free from loani and earthv 
matter. Cow hair is often incoi'porated to aid its coherence. 
Much benefit is claimed to he exerted upon the f|uality of lime 
<mortar by the admixture of about 5 per cent, of plaster of Paris. 
This admixture is said to hasten the setting of the mortar and 
to increase its strength. 

The chief necessities, other than the character of the aguren.itc. 
for the production of good (oncrete, are that the cement should 
be used in fair quantity (c.;/., 1 of cement to (i of aggregate plus 
sand by vol.), and that it should be sound and strong. These 
qualities are a.scertained in the following way :— 

TESTING HYDRAULIC CEMENT.— The criteria which art 
generally determined are :— 

1. Flnenesc-. —'The cement is sifted through standard "^sieves, 
and the percentage of residue remaining on these ascertained. 
A good finely-ground Piirtland cement should have a residue 
not exceeding 3 per cent, on a sieve ha.ving 7(1 meshes per linear 
inch, made of wire having a diameter of 0'005 inch. Much 
modern, cement ,is exTu more finely ground than thij'. «Tt is 
• < 

*.tinongst ceiueats, the Hassow cement de-sei'ves special mft^ion. 
It is prepared hy the regulated cooling of slag, two kinds of particles di^'cilhg 
in ohemieul activity being obtained, lltese jiartiele.s are then groitt^ 
tr^ether, forming 1h(! cement. It is usual to add Iff per cent, of Portland 
cement p) the mixture, the resulting cement giving tensile tests t^icTi are 
similar to those* r,f Pori land <‘emenl. 4 i ^ ^ 
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more inn’JJutant/to ascertain the linencss of eement on a sieVe 
of closer mesl^' and in recent speciKcations a residue of 18 pei 
cent, on a sieve having 180 X 180 meshes jier square inch •'is 
commcJn. 

2. Weight per Bushel. —Portland cement is sometinKjj. tested 
for the weight of a standard bushel, filled with the cement under 
definite conditions, the usual figures ranging from 108 to 115 lbs. 
per bushel. The object of this test is to detect underburnt 
cement, which is lighter and packs less closely than cement from 
well-burnt clinker. The test is not a good one, owing to the fact 
that the weight per bushel varies with the fineness of*the cement 
apart from its f|uality in other res])ects. 'J'hus, a cement leaving 
a residue of 10 per cent, on a 76 sieve will weigh about 108 to_ 
110 lbs. per bu.shel, and one leaving 10 per cent, on a 50 .sieve 
will weigh 111 to 116 lbs. per bushel. In coui^upience of this 
defect the test ha.s been recognised as ob.solete, and is now 
abandoned. 

3. Specific Gravity. —Fresh, well-burnt Portland cement ha.s 
a specific gravity of at least 3’15, and the specific grav ity may 
be as high as 3'19. \Mien aihated by exposure to air the specifics 
gravity may fall to 3’10, underburnt cements falling below 
this. The test is a better criterion of ((uality than is the deter¬ 
mination of the weight per bushel. 

4. Setting Time. —Hydraulic cement varies greatly in setting 
time—from five minutes to .se.vejal hours. The setting is gene- 

► rally retarded by aiTation, for this slakes the calcium alurainate^ 
on which the injtial .setting depends (see CenK’nl, Vol. If.). The 
setting of cetnent is ascertained by applying a standard “ needle 
— i.e., a steel point of definite area loaded with a given weight. 
•When the point ceases to make an impression, the < cment is 
considered set. An apparatius for taking an autographic record 
ffi the setting time of cement has been devised. 

5. Tensile Strength. —'Plus is determined by gauging cement, 
either,neat or mixed with a, definite weight of sl^iudard sand* 
(usually three times tin; weight of the cement) with water to a 
stiff paste, and filling it into moulcls of the shape shown at M 
in Fig. 1. The briijuettes after the elapse of a definite period— 
c.f/., 3, 7, I t, or 28 dav's, dining which they are kept in water—• 
are broken in tension bv a machine similar to that shown in P'ig. 

1, wfiere A is a standard carrying a steelyard,*F, from Vhich is 
susjt^ded a clfjt, B, below which a second clip, C, is attached to 

standard sand is meant clean sharp w aslied sand <4 size such 
rtiat the sand will pa^s through specified hi(*\ e.s; in tlii.s country tins .sand 
i^ust pass a sieve having 2U X 2u mesh(.*.s per squai-e inch, and be eaiJ^ht * 
one with 3() x .‘10 ineslios per square inch. 
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a'small horizontal hand wheel, R, serving for Kdjustment; the 
briquette, shaped in the mould, M, is held in the^ clips and load 
a{>plied to it by traversing the weight. If, along the steelyard, 
this operation being performed at a uniform speed by means of 
the wei^'iht, W, and the dash-j)ot, P ; this hist consists of a cylinder 
tilled with oil and fitted with a piston in which is a small hole, 
so that the movement of the piston as the weiglit falls is con- 



Fig. If—Machine for testing tensile strength of cement. 

A, Standard ; F. steelyard; B, C, clips ; M, mould for briquette; D, 
travelling wetight; W, falling weight ; P, dash-pot; R, wheel for 
adjusting the clips ; E, end of steelyard, w ith brake. 


trolled iy the slrfw passage of the oil from one side of tlfc jUston 
to the otlufr. The wniist of the briquette is tf known^size, 
usually 1 X 1 Anch (= 1 square inch section) or I J X 1| (=^2j 
square ibch (ection).* The clips that hold the enlarged %nds 
of^the briquette are best lined with rnbbcr«blo(ks to prevent 


* This latter is now obsolete. 
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li^acture al the point in contact with them. The hriq>iotto*is* 
broken by the pull exerted by the lever of the te.stin>>' inuehine 
as the weight is run out. Fracture oeeur.s at or about, the waist 
of the briquette, and the result is ealeulated from the area of the 
waist and from the breaking strain, and stated in Ib.s. ]k»- sip in. 
.\ii automatic, brake is sonietime.s provided at the end of the steel- 
yaTd, E, which stops the weight, 1), on tlie fracture of the briquette, 
and so avoids the need for constant attention on the part of the 
operator. A cement of good ipiality shoulil have a, tensile 
.strength of at least IIH) lbs. per sq. in. when ti'sted neat at 7 days, 
or 260 lbs. per .sq. in. when mixed with three time# its weight 
of*standard sand and tested at 28 days. Finely-ground cements 
will give a higher sand test. 

I). Soundness. —A cement complying with the foregoing te.sts 
is not necessarily sound. An unsound cement sometimes ajijieais 
.sound for weeks aftew it has been used, and then expands and 
'■ blows,” c ausing injurv and destruction to the work in which 
it has been used, 'rho soundness of cement i.s gemu'ally deter- 
'iiined by observing the behaviour of a thin yiat on a gla.ss jilate 
:ept in water for t.wenty-eight days ; it .should neither crack 
.or buckle. Time can be saved and a more rigid scrutiny eftcected 
ly one or other of the’ .so-called “ hot tests,” in which the test 
lieces are kept at ehevated temperatures, under definite coii- 
litions. .Probable the best of these i.s the Jve (diatelier test, by 
rhieh the cxpan.sion of a, small cylinder of cement heated to 
Oth C. is mea.sured in a simple manner. It is officially used in 
i'rance and in .this countrx'. Such tests, like others applicable to 
naterials of con.struction generally, are best performed by experts 
ather than attempted by the user of the material, as he seldom 
lossesses the requisite apparatus, knowledge, and exjterieiice ; 
hey .should never be omitted for buildings of any imjcortance. 


,STRUCTURAL METALS. 

IRON.— Iron is uscxl as cast iron for columns, pillars, bed¬ 
plates, frames, and standards of macliinery, and as wrought iron 
and steel for girders, roofs, bridges, rails, boilers, and the moving 
parts of jnachinery. The production and varieties of ciwt iron 
are dealt with in the, section on this material (sc.a.' Ij^rtmlurqij). 
The nariefy known as grey east iron is that mo.st frecpievtlv 
us«f for the production of castings, but mottlecfjs eiyployed 
wjien castings of special strength are required. The former has 
a filiform grey fracture in wTiieh tlie graphite can be .seen ; tl* 
letter is mottled in fracture, as its name implies. _ ' 
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‘The fusibility of cast iron is closely connected with'^he condi¬ 
tion of the carbon which the metal contains (see Iron in section 
ofl Metallurgy). Foundry pigs Nos. 1, 2, and 3 are grey irons, 
decrea.sing in content of graphite (and consequently in ^reyne.ss 
of fracture), and also in fusibility, as the numbers ri.se. They 
increase in combined carbon, and consequently in hardness, in 
the same order. The medium quality of these three is the b'est 
for castings which are to possess considerable strength without 
undue brittleness. Good cast iron has a tensile strength of 
7 tons per sciuare inch, and a compressive strength of 40 tons 
per squarc"inch. It is comparatively rigid and capable of little 
flexure or extension, and i.s, therefore, mainly used in compres¬ 
sion. Where it is advantageous to have a hard wearing surface 
— e.g., in tramway cro.s.sings, trolley wheels, or rollers—the 
casting is chilled by forming that part of the mould which corre¬ 
sponds with the portion to be chilled of massive metal, so that 
the cast iron is solidified rapidly and retains much combined 
carbon, thus acquiring extreme hardness. 

Contrariwise, when it is required to confer softness and tough¬ 
ness on light cast iron articles of complex form, malleable castings 
are produced by imbedding the articles in hamiatite and heating 
them for some days. (For the rationale of this process sec the 
section on Metallurgy.) T’he strength and reliability of cast iron 
depend upon its composition and the care and skill used in its 
casting. Analyses of a good foundry iron and of one containing 
more phosphorus and silicon, and therefore less strong but' 
more fluid in casting, are given below. 


1 Kouiulry Ir<ni 
; No. 2. 

Clevelaii'l ^ 
No. a. 

Grapliitic carbon, .... 

"■GS 

3-70 " 

Combined ,, .... 

(1-4.5 

0.30 

Silicon, r. 

1'72 

3-50 

Manganese,. 

()-.54 

0-7-2 

Phosphorus, . . • 

0 68 

1-50 

Sulphur,. 

0(14 

0-04 

Iron, . . . • . . . 

93-89 

92-00 


''The spcclSc gravity of oi'diimiy grey cast iron is about Fl.'* 

' 11 

'IrV'ith regaW to the.se figures it may be said that if .sp'o^ial 
strength be^required the silicon should not exceed 2 per^’cenj.. 
nor the phosphorus 1 per cent. When intriiftite castings of srqall 
strength, but accurate outline, are to be made the amounts y;f 
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\ both silicon and phosphorus may be nearly doubled. It Vs 
better to reinelt the iron that is to be used for castings than t(K 
tap it directly from the blast furnace. The remelting is cofl- 
ductedVn a cupola, which is an upright cylindrical furnace pro¬ 
vided with a blast and filled with mixed coke and pig, tjie iron 
settling as a liquid in what corresponds with the crudblc of ii 
bliftt furnace, and being tapped when the casting is to be made. 
During the remelting some of the silicon in the iron is oxidised 
and combines with the small quantity of lime added as a flux. 
At the same, time a little sulphur is acquired by the iron frflm 
the fuel. Thus it happens that a soft iron is hardened by re¬ 
melting, although this may be carried far enough to deteriorate 
the iron. The reason for the hardening which arises from the 
elimination of silicon, is explained in the article on iron (see 
Metallurgy). The quality of cast iron is sometimes improved 
by the addition of aluminium to the iron in the ladle, the (piantitv 
used being about 0'2 per cent, of the weight of the iron. As 
regards the mechanical (juality of castings, they should bi^ free 
from scabs and blow holes, and in important work a portion of 
the metal should be cast separately, as a bar, and tesb'd. Cast¬ 
ings are often porous, and give evidence thereof in the case of 
hydraulic cylinders, whi(!h frequently weep when first taken 
into use. Slight leakage of this sort is automatically cured by 
the rusting of the pores. A good casting wdll ring sound when 
struck and have sharp clean edges and a uniform fine-grained 
Igrey fracture. 

Wrought Iron (puddled iron) has boon largely replaced b*' 
“ mild steel,” that is ingot iron ('/.«.), for heavy structural pur- 
pose.s—e.g., for bridges, rails, and girders—but it is still used 
wdiere a tough weldable material, easily wrought by the smith, 
is re(juired. Its content of the impurities characteristic, of iron 
—»viz., C, Si, S, P, Mn—is not now necessarily smaller than that^ 
of ingot iron, but it is sharply distinguished therefrom by the 
presence in it of slag from the puddling process Metallurgy) 
occurring as layers between the laminm representing the original 
bars of iron welded together in the process of manufacture. 
On account of the presence of this slag wrought iron has a strati¬ 
fied structure easily seen at the fracture of a test piece. The 
best is^r^v and fibrous, though frequently patches of crystalline 
material exist throughout the section. Various grades of w?ought 
iron a#e commefcially known. Thus “puddled bar”—which 
is n*l fit for structural use because of the large arflount of slag 
wlych it contains (rendering it locally weak) and ift imperfect 
Bb^p—is the first product of the hammering and rolling of tfa* 
paddled blooms (see Puddling). “ Merchant bar ” is that which 
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hds been cut into lengths, piled and rolled into a new bar. The 
.slag is thus expressed and the iron rendered more fibrous. Re¬ 
petitions of this process yield “ best bar,” “ best best,” and 
“best best best bar.” "Scrap bars” are made from- .short 
pieces v'elded and rolled together. If the scrap used is clean 
and of good quality, “ best s(;rap ” and " best best scrap ” bars 
are produced. The valuation of wrought iron is effected by 
analysis and mechanical' testing. The following analyses show 
the ultimate composition of commercial wrought iron;— 
o 

I ^ South statVonlthiro . Wrou^ht-Ivon I 




Wrinlyllt lum. 


Carbon, 


0()(i 

i 

Silicon, 


0 04 

1 

Sulphur, 

Phosphorus, 


005 

0 088 I 


0-20 

0()()0 

Mani'anesc, 


0-0.S 

ooo;i ! 

Iron (by difference), . 


',)9T)7 

Oil-03:1 1 


In addition to these impurities there i.s generally present 
a considerable quantity of slag : this consists chiefly of oxide 
of iron. As much as 1 per cent, of slag may be pre.sent in ordinary 
wrought iron. 

The influence of impurities upon wrought iron is similar to 
but smaller than that which they exert upon ingot iron, the. 
reason for this difference being that in wrought iron the im- ' 
purities are not dissolved uniformly in the unoxidised state 
throughout the metal, but are partly present as distinct segrega¬ 
tions in an oxidised or slagged condition. The presence of this 
slag causes local weakness mechanically, but the iron itself is 
little affected. Thus, the amount of phosphorus shown in t|ie 
first analysis given above would be most injurious in ingot iron, 
but is of litt'e moment in wrought iron. Nevertheless, w'rought 
irons containing much phosphorus— e.g., 0‘5 per cent.—have a 
higher strength than normal samples, but are lacking in ductility 
and toughness. Much sulphur— e.g., 0'3 per cent.—has also a 
harmful effect, rendering the iron red-short. Silicon is present 
in onlj small proportion in wrought iron. Manganese is not 
intentionally added to wrought iron as it is to ingot iron, and is 
no1(,often present in considerable amount. In the eases ic^which 
it occurs it tends to counteract the evil effect of sulphur. “iKith 
regard to tbe mechanical testing of wrought iron, it miay |)e 
t.iken that it has a tensile strength of froAi 22 to 26 tons ger 
square inch, and an extension of about 26 per cent, on a lengfi 
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of 10 inches; it hiis ;i compressive strength of K! to :10 tons per 
square inch. These qualities are ascertained by means of a 
machine similar in principle to that described under cement 
testing. The test bar is gripped by its enlarged ends between 
wedge clips, and a pull from an hydraulic cylinder is apjJied, the 
pyll being balanced by shifting a jockey weight along the steel¬ 
yard of the testing machine, riio position of the weight on the 
steelvard measures the pull r(ujuisite to ('ffect the fnirdriire of 
the -specimen. In breaking a specimen of ductile material such 
as wrought iron, it is found that before; fracture the test piece 
behaves as a viscous substance and dows, being drawn down 
uBiformly until a contraction takes ]}lace at whatever point 
happens to be weakest, and fracture occurs. 'Phe elongation 
(extension) of the specimen which is thus caused is a measure of 
the ductility of the material. In judging this^cpiality, regard 
must be had to the length of the specimen used, as it is found 
that of two test pieces of the same material differing in length, 
the shorter will give tlie higher percentage of elongation. Simi¬ 
larly, the thicker the test piece, caieris paribus, the greater the 
percentage of elongation. The appearance of the test piece, 
before and after fracture, is shown in Fig. 2. Tlie advantage 



Fig. 2.—Appearance of test pieci; Ix foie and after fracture. (Wrought iron.) 


of a jjuutile material such as wrought iron is Ijiat it wijl with¬ 
stand shock. even defo’ination, without suddt^i fracture. 
Thcip# impurities which render the iron eold-shorj will deesease 
itif <ljuctilitv. A test frequently employed for, determining 
toughness and ductility is the bending te.st, in which the test 
piece is bent over a\ar of given radius, or even hammered do^n 
Sat upon itself. The aq^le through which it cap be bent* before 
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fracture occurs at the bend is a measure of the ductility of the 
material. Ductile materials, when subjected to a gradually 
increasing load, as in a testing machine, caiTy the load up to a 
certain point with trifling increa.se of their length, and on the 
remova'l of the load return to their original dimensions. On 
further increasing the load, the material “ breaks down ”— i.e., 
begins to stretch in more marked degree, and does not “ coble 
back ” on removing the load. This point is known as the “ elastic 
limit,” or more properly “ yield point,” and is often much below 
the ultimate tensile strength. Thus the yield point of wrought 
iron having .a tensile strength of 25 tons per square inch i.s about 
13 tons. In considering the strength of materials for structural 
purposes, the yield point should be taken as a measure of their 
tenacity, and not the ultimate tensile strength. Ordinari’ 
practice is, however, the reverse of this. Thus the “ factor of 
safety ” of a structure is the ratio of the maximum working load tO' 
the ultimate breaking strain, wliereas it would be more rational 
to state it in terms of the yieldpoint of the material. For instance, 
a wrought-irou girder with an ult imate tensile strength of 25 tons 
is said to have a factor of safely of 6 when loaded with 5 tons 
in tension, whereas the real factor of safety is about 2'5 with 
this load. 

Wrought iron (in < ommon with other structural materials) 
has been found susi'cptible of change by the application of 
repeated alternating stresses well below its yield point. Such 
stresses occur in railw'ay axles, piston-rods, and other moving',, 
pdrts of machinery, and may lead ultimately to the destruction 
of such parts. The change induced in this manner appears to 
be associated with a tendency of the originally fibrous material 
to become crystalline. The matter is, however, still the subject 
of investigation. 

Ingot Iron and Mild Steel. —Since the dtivice of the Bessemer 
and similar processes (see section on MelaUmijy), iron containing 
from 0‘08 to'O'f! per cent, of carbon has been prepared in ingot 
form and used for making girders, bridges, boiler plates, ships, 
rails, and steel •castings.'- The milder grades, containing from 
0'08 to 0 3 per cent, of carbon, are best termed ingot iron, as 
they lack the characteristic property of steel—viz., the capability 
of bein'^ hardened and tempered. The fact that manganese is 
used in the manufacture of these products involves the presence 
of this metal in the finished material and influences its hardness, 
manganese Rioting as a hardening agent in the same wayaas 
carbon, though in a smaller degree. The character of ingot iron 
aSd mild steel is best judged from its analyses ; typical analyses 
are appendedo 
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with (liffiM’pnt siiiiiplos, iiotalilv in tlii' proportion of niangnnose, 
various ipianlilics of which remain over after it has fulfilled its 
function in the jn'oeess of manufadure. ft may he taken as a 
rough guide that the sulphur and jjhosphoi'us in all ingot irons 
■ixnd steels should not exceed 0’()5 per cent. The permissible 
limit varies, howevei', with, the percentage of ca.rbon : thus, 
although even this amount (O'OS per c('nt.' is most injurious to 
tool steel (with 1 ])er cent, carbon), a. somewhat larger <]ua.ntity 
(up to 0'08 per cent.) may be tolerated in ingot iron containing 
under O'i! per cent, of carbon. Modern ingot iron, containing 
not more than (r05 per cent, of snlpluu' or phosphorus and about 
<>‘6 per cent., of manganese, will have a tensile strength of about 
'J5 tons per srpiare inch with O'l per cent, of carbon, .‘10 tons with 
/<)’2 per cent., 35 tons with 0'3 per cent., and 10 tons with 0'4 
per cent. 'The corresponding elongations on a length of 8 inches* 
are 28, 21, 20, and 15 per cent, of the length of the specimen 
before frac-ture. 

- The fracture of a test piece of ingot iron or steel is distinguished 
from that of wrought iron by being perfectly homogeneous and 
silky in apjiearance, and free from any sign of lamination. Mild 
steel with a content of carbon of 0‘1 per cent, has a specific 
gravity of about 7‘89, whih; haad razor steel witl^ T5 j)er cent, 
carbon has a specific gravity of 7'78. Steel castings, other than 
those of crucible cast steel, contain frgm 0'5 to 0'7 per cent, of 
carbon, and with regard to the remaining impurities arc similar 
to ingot iron, save that ()'2 to 0'3 per cent, of silicon is sometimes 
added aid in the production of a sound casting, and a portion 
of tfiis*emains in the linislicd metal. Unfes.s .subsequently 
forgeil, they afe not so strong us would be rolled •steel of the 
sa#ne composition. • * 

, of late 3 'ear.s several spei ial rjualities of steel (.-oataiiiftig small 

^ ** Inserted for the sake of ooutjianson ; such steel is not used for stnic- 
tUTdl purposes, and is madf^by the cementation proce.sj * 
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quantities of the less common metals have been brough't into use. 
Thus chromium steel is made and used for railway tyres and 
foh projectiles. A specimen containing 2’64 per cent. Cr and 
0'39 per cent. C hud a tensile strength of 41 tons per squaTe inch 
and elaitic limit of 21 "5 tons, an elongation on 2 inches of 24’5 per 
cent., and a reduction of area of 33'8 per cent. Lately, chromium 
steel has been partly replaced by steel containing tungsten, vaiui- 
dium, or mohjMemm, but the behaviour of these steels in practice 
is not yet fully ascertained. Tungsten (and, to a smaller extent, 
mo’lybdenum) i.s largely used for tool steels. The presence of 
OT to 0'2 per cent, of vanadium is said to raise the elastic limit 
and tensile strength of mild steel by 60 per cent, or more. .It 
also retards segregation and increases resistance to shock (c/. 
table, p. 3.5). Ingot iron to uhich aluminium has been added 
is not greatly d’ft'erent in tensile strength from ordinary wrought 
iron, but is said to be sounder. Thus a sample containing 0'38 
per cent. A1 and 0’15 per cent. C had a tensile strength of 26 tons 
per square inch, an elastic limit of 20 tons, an extension on 
2 inches of 40‘35 per cent., and a reduction of area of 60'74 per 
cent. Generally speaking, Al is added to ingot iron to reduce 
oxides and make, the cast sound ; it does not otherwise affect 
the strength of the metal. Nichel steels arc con.sidered under 
the heading Nichel (p. 27 ; also cj. table, p. 35). 

An important modibecl steel is so-called manganese, steel, more 
properly a manganese iron alloy, the, general (jualities of which 
are described in the section on Metallurgy. When containing*, 
icy to 12 per cent, of manganese it has a tensile, strength of about 
63 tons, an elastic limit of 30 tons, and an extension of 38 to 
45 per cent. For special steels, see also under Steel. 

COPPER AND ITS ALLOYS.— li on, on uc( ount of its strength 
and cheax^ness, is used wherever possible in building construction, 
but for certain purposes a different material is a ncce.ssity, an^l 
such needs are hlled by copper and its alloys. In the boilers 
of locomotiv«A the fire-box stays and plates arc generally made 
of copper, and the boiler tube.s of brass or copiier. In some 
cases, however, mild steel is used throughout for plates and 
tubes. Another large use for copper and its alloys is found in 
steam pipes and ships’ sheathing and fittings. Copper used as 
such fqj’ structural purposes is always of the grade knc{,wn com¬ 
mercially as “ tough pitch ” (see Metallurgy). The chief iihpurities 
of commercial copper of this descrijrtion are As, Sb, Pti, Bi, 
Fe, Ni, and O.' ^ ■» 

The following analyses are typical of modern locomotive 
cdj[)per, I. being that of an ordinary firc-bok- plate of soft tough 
copper; whilst II., representing a tube plate, and III., of a tube. 
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are specimens of harder coppers recently tried in engineering 
practice :— 
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A copper such as the first will have a tensile strength of about 
11 tons, with an extension of -10 per cent, on a length of 0 inches. 
The harder and more arsenical copjier has a slightly higher 
tensile strength and rather smaller extension. Special alloys of 
Cu and Ni have been lately used for locomotive tubes. 

The influence, of impurities upon the. tensile strength and 
ductility of copper depends upon the simultaneous presence oi 
oxygen, wliich diminishes the deleterious influence of certai* of 
the impurities in a marked manner. Thus, in the' c-ase of pure 
electrolytic cop]rer five from oxygen, bismuth wlu'n added to 
the extent of (11 per cent, greatly lowers the tensile' strength 
and duc tility, from the formation of a fusible alloy which segre- 
'gates from the bulk of the copper and destroys the homogeneity 
of its structure. Arsenic and antimony, which have but little 
effect* upon pure electrolytic copjier in ((ua.ntiti*s up to 1 per 
cent., have usually been considered injurious in copper 
containing o.xygen, but, as .shown "by the examples above, 
at present many engineers consider the addition of arsenic (up 
to 0'.5 per cent.) advantageous for .such copper. Lead, sulphur, 
iro% a«d tin have a similar effect. Nickel ap^rears, on J:he other 
hand, to havi^a hardening influence, but without causing undue 
brstfleness. When the copper, as in fire-boxes, is exposed to 
Aefthanical wear, the presence of a hardening agent is|iot objec¬ 
tionable, provided the (upper remains fairly cluctile. Thus it 
happens that old focomotive fire-boxes with much larger amt*nta 
of impurities than thoje rjuoted above have often rendered good 
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service; one whioli had lasted twenty years and run 500,000 
miles (contained— 
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Further remarks upon the influence of impurities upon copper 
in other respects will he found in the chapter on metals. The 
specific gravity, of tougli pitch copper, rolled or hammered, is 
about 8’1), varying a little with the impurities which it contains. 

Another important use for copper is the manufacture of steam 
pipes. Small sizes may be made from solid-drawn tubes, f and 
are reliable up to the point calculated from the tensile strength 
of tlie metal. Larger tubes, however, are generally made by 
brazing together the edges of a cylinder rolled up from a piece 
of sheet metal. Many .accidents have occurred from the bursting 
of such pipes. W'liere the failure cannot be traced to an imper¬ 
fect join, it appears to l)e due to an alteration of the metal, 
probably by absorj)tion of oxygen and sulphur, caused by its 
. exposure to the fire during brazing. The difficulty is sometimes 
met by grouping several smaller solid-drawn tubes, the united 
cross-section of which is equal to that of the single large tube 
which they replace. 

Alloys of copper and zinc, known generally as brass, are much 
used as structural materials. They range in composition from 
SO per cent, of copper and 10 per cent, of zinc (red metal) td 
60 per cent, of copper and 40 per cent, of zinc (ijelloiv metal, 
Muntz nwlal)& The best quality of brass where strength and 
ductility are required, as for locomotive tubes, contains 70 per 
cent, copper, 29‘5 zinc, lead, the balance (0 2 per cent.) 


* This and oChor published analyses of copper must be received with 
reserve; the analysis of commercial copper is a matter of some difficulty, 
and need" special knowledge and experience. ' ' 

f Seamless tubes have been made electrolytically by th" Elmore process, 
which consists in depositing copper upon a revolving mandrel whiK> sub¬ 
jecting it to the pressure of an agate style, this being found to have a c« ii- 
■solidating'" action. .Such tubes arc now also made by the CowperfColes 
process, m which the copjicr is deposited on a mand^jl revolving at a very 
high speed (1,(100 to 2,(XI0 revolutions per minute), which does away with 
the necessity of u.sing addit ional pressure. ‘ 
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being made up of traces of iron and otlior im])urities. More 
than 70 per cent, of copper yields a somewhat soft alloy, while 
more than 30 per cent, of zinc gives one which is less ductife. 
A somewhat commoner brass is composed of lib |)(‘r cent, of 
copper and 33 per cent, of zinc. Hrasses containing moi<“ than 
t)2 J)er cent, of copper are workable cold, but cannot be rolled 
hot. 

The ordinary method of a.scertaining tlu^ (jnalily of brass 
locomotive tubes consists in ascertaining their composition ^v 
analysis, and submitting them to the mcclnuiieal tests of Hanging 
the end and of hammering them flat, and bending iloidiic the 
sheets thus produced ; this sho\ild be effected without fhe lorma- 
tion of cracks. 'I’lie tensile strength ol brass l■a.stings is II Ions 
per square inch, and of rolled sheet lb tons ])er si|narc inch. 
The specific gravitv of brass containing bb per«cent. t'n and 
33 per cent. Zn is 8'3. Brass of good <|uality is made Iroin the 
purest copper and zinc that, can be obtained, and contains no 
metal (save in trace,s) other than cop])er, zinc. ,ind lead, the last 
named being ])re,sent to fhe extent of less (ban O'o per cent. 
More than traces—e.(/., tt’Oo ])er cent.—of a,i'.s(>nic .'i.n? considered 

* objectionable. 

A .special varietc of brass n.sed for sheathing ships is .Muntz 
or yellow metal, containing bO jier cent, of coji|)er and 10 |)er 
cent, of zinc : its sj>ecitic gravity is 8'2 to 8'3. Since the copper 
in yellow metal falls below the limit given above for bra.ss (b2 per 
/ent.), this alloy can be rolled hot. Its advantage for shealhiug 
rlepends npon the fact that it is less corrodible than copjter. * 

Gun-metal is the name applied to alloys of copper and tin 
ranging from 91 per cent. Cu and 9 per cent. Sn t(» 81 per cent, 
('ll and 16 per' cent. Sn. A grade frequently used contains 
87’5 per cent. Cu and 12'") per eent. Sn. Small quantities (up 
to»2 per cent.) of lead and zinc are often added. Gun-metal is 
stronger than east brass, having a tensile strength of lb to 20 tons 
per squoB’c inch, and a, eomjiressive strength of abtmt 50 tons 

• per square inch. The 9 : 1 alloy lias a specific gravity of 8'5. 
It is used for strong eastings (being •stro'hger than cast iron) for 
the more delicate parts of machinery, for cocks and flie like 
where it is exposed to corrosion, and for bearings. lu casting 
gun-mq^alt there is a great tendency to scgregiy^ion, espscially 
when the casting is massive, and cools slowly. Nearly white 
crystjl#that have thiLS separated may be seen in tl^e, frae,turc»of 
slow^ pooled gun-metal. Phosphor-bronze is a guiijmetlri con¬ 
taining lead and phosphorus, the following being a typical com¬ 
position :—Cu, 79'7 per cent.; Sn, lO'O per cent.; Tb, 9‘5 pe? 
c9ht.; P, per cent. Jt is used for bearings,, pump linings, 
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iind other weariii'; parts. Many special bronzes are used for 
bearings. Such bearings are all called “ brasses ” in engineering 
jlarlance, whatever their composition; bra.ss itself is, however, 
not suitable for bearings. A typical locomotive “ brass ” bear¬ 
ing, adopted after much experiment on a large American railway, 
contains—Cu, 76'8 per cent. ; Sn, 8'0 per cent. ; Pb, 15'O^per 
cent. ; P, 0'2 per cent. The presence of the large quantity of 
lead is found to diminish the wear of the metal and the local 
heating of tlie journals. 

' Delta and Bull Metal. —Of late years brasses and bronzes 
have been made which are capable of being forged and rolled, 
and serve to rejilace ingot iron and mild steel for certain pur¬ 
poses where a strong metal not easily corroded is required. One 
use to which they have been put is the manufacture of ship.s’ 
propellers. Pelta metal is a ferruginous brass containing about 
55 per cent. Cu, 43 per cent. Zn, 1 per cent. Fe, and traces of 
lead and phosphorus. Bull metal is an alloy of the same type. 
Both metals may lie foiged and rolled, anil even extended in a 
plastic condition through a die to form rods or bars. When 
intended for such treatment, the ingot or bar to be worked is 
cast in a chill, so as to prevent segregation. Metals of this class' 
have a tensile strength of about 18 tons per sc|uare inch when 
cast, and one of about 30 tons wlum rolled, with an elongation 
of 15 to 20 per cent , on 10 inches. 

Aluminium bronze is an alloy of copper and aluminium con¬ 
taining up to 10 per cent, of the latter metal. It can be casV 
■forged, and rolled, and may replace mild steel for purposes 
where corrosion is to be resisted and its cost is not prohibitory. 
It has a high tensile strength. Thus, a 10 per cent, alloy (cast) 
has an ultimate tensile strength of about 10 tons per square 
inch, and the same metal when rolled an ei|imlly high tensile 
strength and an elongation of 30 jier cent. Five per ednt. 
aluminium bronze is well suited for the ignition tubes of gas 
engines. Aluminium brass castings containing 63 per •vent. Cu, 
33'3 per cent. Zn, 3'3 per cent. At, 0’33 ])er cent. Si, wei’e found* 
to have a tensile strength of 31'1 tons, and an elongation of 
0’4 per cent. A similar alloy rolled had a tensile strength of 
37'8 tons, and an elongation of 9‘7 per cent. Two per cent, 
alumjnium br^ss can be used as ships’ sheathing, dn,making 
aluminiupr bronze, repeated fusion and casting are necessary to 
obtain a homogeneous alloy. In spite of their merits, r these 
alumiuiuni^alloys have not found any considerable appliegtiSn. 

White Bearing Metals. —Besides the bronzes mentioned above 
‘as being used for bearing metals, many “white metals ”<« are 
madfe, consisting of alloys of lead, tin, fintiniony, zinc, and copjler. 
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Such mixtures are readily fusible, arid are cast in the space 
round the journal to be supported. They arc also u.sed (or 
lining ‘‘.brasses ” tliat luive become worn. 'I'lius, a form (Tf 
Babbitt’s metal has tlie composition—E^b. 10 per cent. ; Sn. 
45'5 per cent. ; Sb, 13 per cent. ; C'u. 1'5 per cent. Tlia* used 
on the London and North-Western Kailway has the composition— 
Sn, 84-2 per cent. ; Sb, lO'.') per cent. ; Cm O'S jier cent. Another 
now large!}' employed contains—Pb, 80 per cent. : Sb, 15 per 
cent. ; Sn, u per cent. Alloys of this class, though of no great 
tensile strength, are sufticiently strong in compression to carry 
the load of even a heavy bearing ; their comjiarative plasticity 
renders them less liable than “ brass ” bearings to “ seize ” 
and heat, and the coetticient of friction is generally low . 

N.B. —The various alloys are considered more fuliv in the 
metallurgical section of this \ olumc (Part 11.). • 

ALUMINIUM is at present but little used as a true structural 
material, though its employment in this direction is increasing. 
The commercially pure metal (9!) per cent. Al) is white, not 
very lustrous, and easily dulled by c.xposure to a ir ; the corrosion 
,is, however, only superiicial. When cast it ha.s a, tensile strength 
of 7 to 9 tons per square inch, with aai extension on I inches 
of 15 to 20 per cent., though manv s|)ecimens have a much 
smaller extension. After rolling, its tensile strength is increased 
to about 16 tons, with an extension of about 1 per cent, on a 
’ength of 4 inches. It is best worked warm, at about the tem- 
jrerature used for zinc. It is dillicult to solder, and this ju'opert \' 
hinders its use for many purposes. The chief impurities of 
commercial aluminium are iron, silicon, and sodium. The lirst 
is said to be injurious, but the effect of silicon is rather to increa.sc 
the tensile strength, while diminishing the elongation. Allocs 
of aluminium containing a small quantity of copper, silver, 
nidkel, or titanium have a. highei tensile strength than the pure 
metal. Thus the addition of 2 [)er cent, of copper raises the 
strength’of rolled aluminium to J9'5 tons; alloy;t containing 
2 to 3 ]ier lamt. of titanium ha ve a. tensile strength of 18 to 27 toirs 
per sijuare inch in forgings, and similar re.^ults have been obtained 
with nickel and zinc. On account of its lightness and good 
electrical condiictivity (about 59 per cent, of that of co])pci), 
it ha.s 4)e(»r proposed to use aluminium for teleara])h aiui tele¬ 
phone wires ; ami a wire with a copper sheathing and ;|luminiura 
core, Jibing a conductivity of 69 per cent, of that oj coi)per, l*as 
also%aen devised. Al and its light alloys are used^in c».sting 3 
fof the gear and ongijje cases of motor ears. 

^MCKEL is used alone as a structural material to a smalT 
extent, its ainploynient being practically confined to making 



28 CHEMISTRY OR THE CHIEF MATERIALS OF CONSTRUCTION. 


culinaTV utensils and chemical apparatus. Its chief alloys are 
dealt with under Nickel in the section on Metallurgy. Nickel 
(?)8 to 99 per cent, pure) itself is not difficult to cast, hu^ is cold- 
sJiort. Cast bars are usually spongy, but after hamnierin*? 
beconfe compact and tough. 'I'he addition of a very small 
cpiantity of magnesium removes occluded gasc.s from niijkel, 
and gives a metal free from blow-holes, the ductility and malle¬ 
ability also being improved. Aluminium may be substituted 
f(>r magnesium, but an excess tends to make the nickel too 
hard. Nickel steels are now largely used for armour plates, 
guns, and naval purposes. Such steels contain 3 to 6 per cent, 
of nickel, steels with 3 per cent. Ni especially being largely used. 
Nhtkel steels with 3 ])er cent. Ni a.nd 0'2 ])er cent. C liave a tensile 
st rength of 41 to 42 tons per Sf|ua.rc incli, an elastic, limit of about 
27 tons, an extension of 26 to 28 per cent, in 3 inches, and a 
reduction of area, of 60 to 68 per cent. In gencra.l, the elastic 
limit of su(4i steel is a.bout the same as tlie tensile strength of 
ordinary mild steel, the elongation and reduction of area being 
about the sa,me for both. The welding of nickel steel becomes 
more difficult with increasing percentages of nickel ; wdth 3 per ^ 
cent, nickel steel good ro.sults can be obtained, however, if care 
be taken. The tensile strength and elastic limit of nickel iron 
alloys and nickel .steel increase regularly with the percentage of 
nickel up to about 20 per cent, of nickel, after which they decrease 
to some extent, the elongation increasing abnormally up to about 
30 per cent, of nickel. 4’he magnetic properties of a nickel iri5ti 
alloy containing 2.5 per cent, of nickel are remarkable, the alloy 
being scarcely magnetic until cooled to — 40^ C. (— 40" F.). 
It then becomes magnetisable and retains this property until 
heated to 600° C. (1,112° F.). Tests made on wire of this com¬ 
position showed, before cooling, a tensile strength of about 
60 tons per square inch, and an extension of about 30 per ceitt.: 
after cooling, a tensile strength of 85 tons, and an extension of 
7 per cent." Eod or plate, containing 26 per cent. Ni,''0-27 per 
cent. C, and 0'83 per cent. Mn, had, in the uncooled state, a' 
tensile strength of 46 tons per square inch, an clastic limit of 
13 tons, an extension of 29 per cent, in 8 inches, and a reduction 
of area of 29 per cent. (c/. table, p. 35). The corrosion of nickel 
steel end. other, nickel alloys is considered on p. 49. i e 
Monel Metal. —Attention has been called to this alloy recently 
by its use in,the sheet form in the roof of the new PennsHvanian 
Railway Station in New York. The sheets are fastened 'with 
nails of the .same alloy. It consists of Ni per cent., Cu 30 per 
cent., and is smelted and refined directly from the Ni-Cu nlatte 
produced from ores of the Sudbury district in C'a«ada. Mo/iel 
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metal Las a" higher tensile strength than Ni steel. Its liardness 
makes it more difficult to roll than .steel sheets. It resists 
corrosion, takes a fine polish, and possesses nianv of the jn’i*- 
perties <ff metallic nickel. 

, ROOFING MA'I’ERIALS. 

The chief roofing materials in coinnioii use are slates, tiles, 
sheet lead, sheet zilu^ zinced ('‘ galvanised ”) iron, and tinned 
iron (tin-plate). • 

SLATE is an argillaceous rock which is of sedimentary origin, 
and.has had (.leavage jilanes developed in it, its peculiar fi.ssile. 
character (slaty cleavage) hciiig due to a. re-arrangement of the 
particles of tlie, rock consequent on compression. Slate generallv 
consists essentially of aluminium silicate, coloured with ferrous 
oxide. Light coloured slates are sometimes found : (lea,(l black- 
slates are rare. Iron sulphide is often present both as j)vrite.“ 
and marcasite. The former is not iniurioiis. but tin; latter causes 
disintegration of the slate on account of the ease with, which it is 
oxidised by weathering. Calcareous slates, containing as much 
* as 49 per cent, of calcium carbonate arc also found. A slate of 
good quality should have a fine grain, should ring sharply when 
stnick, and should not be easily .scratcdied bv the finger nail. 
Its colour does not server as a criterion of quality. The most 
importiint propertv. besides toughne.ss, to be considered in judging 
■Jnt(N is its degree of porosity. It should be as nearlv non-absorb¬ 
ent as possible. The dill'erence in quality of slates in this respect 
is shown by the fact that the volume of the pores of the slate 
varies from 0'05 to li pm- ermt. of the apparent voluim; of tin- 
whole slate. JIany commercial variet ies of slate are di.stinguished. 
The Welsh are considereil the best, and of these the Silurian are 
boAter than tlie Cambrian slates, for they are loss siliceous than 
the latter, and mor(5 c-asily cleaved. The sizes most in use; for 
roofing aj-e di.stinguished by fancy na.mcs—c.p., “ wi(Je vis(.ount- 
K-sses,” ■' small ladies,” etc., the enumeration of which cannot be 
attempted here. , 

Certain calcareous sandstones—c.;/.. Stonesfleld slates, which 
arc not true slates—are used for ornamental roofing, but, being 
compaijitij-ely thick, their w(ught is against their general em¬ 
ployment. Slate is an excellent roofing material, but is *ome- 
what^c«Btly, and*on account of its usually dark coloiTr absorbs 
muc4 ^cat when exposed to the direct rays of ttie sui^ tjius 
failing to keep the fftiilding b -neath cool. * 

'DLES are made lA moulding and burning brick clay; thei» 
iSanufacture^ is described in the chapter on Vluij Imlmlrieti. 
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Vol. II. They are thicker, lieavier, and more porous than 
.slates. For tiles to be efficient they must fulfil one of two con¬ 
ditions. Either they must be of open porous structure, so that 
water soaking in may be able on freezing to e.xpand•without 
splitting the tile, or they must bo burnt at a clinkering tempera¬ 
ture, and be ii.s dense and non-porou.s as .stoneware or biscuit 
porcelain (rj.v.), so that waiter cannot find it.s way in. The sfime 
end may be attained by .soaking porous tile.s in tar. Glazed 
tiles with a porous body are of little use, as the least imperfec¬ 
tion in the glaze permits the entrance of water, wdiich in ex¬ 
panding by freezing in cold weather causes the glaze to scale 
off. Dense clinkered tiles can be glazed without this rejiult. 
but in this case the glaze is of small utility save as giving a smooth 
surface upon which licliens cannot grow. 

ZINCED ipON {rjalmniaed iron) is largely used as a roofing 
material, and also for the entire construction of sheds and other 
cheap and temporary structures. The process of “ galvanising ” 
consists in removing the scale from the plates and other articles 
(a preliminary annealing being performed in the ca,se of phites) 
by pickling in hydrochloric acid, washing, scouring with .sand, 
and passing through a bath of melted zinc wdiich is covered with' 
ammonium chloride. The latter serves as a flux, and indiice.s the 
coating of the iron by the zinc. For galvanised sheet, a little tin 
(2 to 3 per cent.) is added to the bath, and produces large crystal¬ 
line spangles on the finished goods, which appearance is often 
erroneously taken as a proof of good quality. A small quantify 
of aluminium—about 0 01 per cent.—is often added to the zinc 
bath to reduce any zinc oxide that may be diffused through the 
metal. The plates are generally brought out between rollers or 
brushes to economise zinc, the proportion of which adhering to 
the iron is usually reckoned in ounces per square foot, 2 ounces 
being a good average coating. Zinced sheet is often corrugated 
to increase its strength and prevent it from buckling w hen used 
for walls an 1 roofs. A considerable proportion of iron p.qsses into 
the galvanising bath and sinks to the bottom as a zinc-iron alloy, r 
This hard zinc, containing about 5 per cent, of iron, is removed 
and liquated from time to time. As the iron of the tank is also 
dissolved by the zinc—resulting in the ultimate destruction of 
the t^k—attempts have been made to avoid contact of the zinc 
with the tank hy allowing the zinc to float on a layer of melted 
lead (to protect the bottom), and by lining the’sides of tihe tank 
with fire bricK. The acid pickling bath used to clean the jfbtes, 
etc., may not legally be turned into sewers or rivers, and* is ^t 
■to become a nuisance. It contains about 10 per cent, of irojf as 
ferrous chloride, and but little free acid. An attempt at kjO 
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utilisation lias been made by 'rtirner. wlio ullofls tlie li(|iior to 
trickle into a furnace, where the Hriuid evaporates and the 
ferrous chloride is decomposed in accordance with the ecpiation 
2FeCL + 2H,0 + 0 = Fed). + tHt'l. The hydrochloric acid is 
condensed by the usual means (see Stilt-adr, Vol. II.^ and 
re-used. The fcri'ic oxide serves a.s fettling in puddliny liiruaces. 
Mo.^ grades of cast iron, wrought ii’on, ingot iron and steel, and 
articles of the most diverse sluipe may be zinced, but < ert.aiu 
differences in facility are obsei’vcd. Thus cast, iron is least, easy 
to zinc ; wrought iron, ingot iron, and mild steel take the metifi 
readily ; but hard steel—c.y., wire for ropes—is less rea.dily 
coaled. The high temperature of the galvanising bath (TJO' C. = 
788° F.) also affects the temper of hard steel wire, diminishing 
its tensile strength. The fact that zinc forms an alloy of low- 
strength on the surface of the iron, immediatelv beneath the 
visible coating, appreciably impairs the strength of goods of light 
ection— e.(j., wire and small chains. .Recently, iron articles have 
leen galvanised in the cold by immersing them in a neutral 
olution of zinc .sulphate through which an electric current of 
!0 to 70 ampere,s per sipiare foot is pas.scd. In this case, the zinc 
nerely jilates the iron without forming an alloy with it. Still 
nore recentlv, a process due to Cowper-tVdes, and known as 
iherardisinfj, has been introduced. It consists in iilacing the 
deaned iron articles in a rotating drum, or other movable metallic 
■eceptacle, together with zinc dust, or a mixtui’e of linely-divided 
jnc and oxide, and about 3 per cent, of carbon. The whole is 
mated to dull redness for a period depending on the thicknes* 
)f coating required. Tlie coating obtained is distinguished by 
ts silver grey tint. .A still later modification of the pi'oce.ss is 
;hat known as-“ vapour galvanising,” in which the articles are 
rlaced either in a separate chamber filled with zim; vapour, or 
thrive molten zinc. In either case it is necessaiy to move the 
jbjects to ensure an even coating. Iron is sometimes coated with 
.ead insf^ad of zinc. 3,'he general method of proi-.fdure is the 
same, but even greater care must be bestowed on the preparation 
ind cleaning of the iron to be leaded, as Jead adheres less readily 
than zinc. The cheapness of lead {.fl3 per ton, as compared 
with £23 per ton for zinc*) gives it an advantage, as does its 
indifference to acids and its ductility, which prevents it from 
tendin|f to scale when the article coated with it iS bent. It does 
not impiir the stfength of tue iron or steel to which it is applied, 
and#the risk of softening hard steel wire (referreir to alcove in 
% case of zinc) is much les oned, as the fusing poidt of lead is 


* Prices of all metals fluctuate con.siilci abl|-. 
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only 325° C. = 617° F. Against thc.se properties rtiust be set 
the inferiority of its protective action to that of zinc {v.i.), and 
its toxic qualities, which make it unsuitable for lining cisterns 
and pipe.s which are used for holding and conveying warter. If 
used the same thicknesses as zinc, it increases the weight of 
the coated article, on account of the difference between the 
speeiiic gravity of lead (11‘4) and that of zinc (6‘9). The advan¬ 
tage in point of cost mentioned above is, therefore, less thau 
appears from the comparison of the prices per ton of the two 
Hietals. 

TINNED IRON {tin plate) is not much used as a structural 
material (save occasionally for roofs, for which it is ill adapted), 
but is conveniently considered here on account of its analogies 
to and differences from zinced plate. It is used for small hollow 
ware, and inasmuch as it can he cheaply soldered and made up, 
it is not ousted by zinced iron in spite of the low' price of zinc 
compared with that of tin. The proce.ss of manufacture is as 
follows :—Heated bars of wrought iron or ingot iron are rolled to 
a plate, which is folded across the middle, again heated and rolled. 
The doubling and rolling are repeated until as many as thirty-two 
thicknesses have been rolled. The edges of this compound plate • 
are sheared off, and the individual plates split asunder. The 
coating of iron scale which forms during the rolling prevents the 
plates from welding together. The plates are then pickled in 
dilute sulphuric acid,* scoured, and annealed. The surface is 
then improved by cold rolling, which renders a second annealinj; 
necessary. Alter a second pickling in a more dilute acid, the 
plates are passed into the “ grease-pot,” containing melted tallow 
or palm oil. They are then dipped in the tin bath, the metal 
in which is covered, to prevent oxidation, with grease or zinc 
chloride. To perfect the coating of tin, passage through several 
successive tin pots follows. By this systematic working, the 
preliminary coating is done by the most impure bath, and the 
final layer jjut on in a pot of nearly pure tin. To sqpeeze off 
the excess of tin, the plate is finally passed through rollers running , 
in a grease bath. Although tin plate has a layer of tin-iron 
alloy intermediate betw'een the iron plate and the tin coating 
proper, yet the diminution in strength due to this layer is less 
marked than in the case of zinced iron (p. 31). Thus jt happens 
that £hinner plate and wire can be tinned than can be* zinced 
without idjury. * 

* 

♦Pickling any light iron article in acid so as to cause the evolutionot 
Kydrogen at Us surface renders it brittle by absolution of hydrogen; (this 
brittleviess is removed on heating. 
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STRENGTH, PERMANENCY, AND PRESERVATION 
OF MATERIALS. 

STRENGTH OF STRUCTURAL MATERIALS.— In the pre¬ 
ceding sections the strength of ordinary metals used ig con¬ 
struction has been incidentally given as a criterion of their 
qufflity. In the appended tables their values are compared with 
the corresponding figures for other materials. In general the 
mechanical property, the possession of which causes the choice of 
the material for its ordinary functions, is given, sometimes fb 
the exclusion of its other less important mechanical properties. 

Xhe following figures refer to the mechanical properties of 
metals at the ordinary tcmperatuie—c.y., at 15° C. = 59° F. At 
higher temperatures-^c.f/., 300° to 400° F. (= 149° to 204° C.)— 
their tensile strength is generally greatly reducciL a matter of 
much importance in structures carrying heavy Toads at high 



A, Stcolyanl beam ; H, diamond pointed style ; C, scale pan ; 
IJ, yisiiifr table ; E, screw. 


temperatures, such as steam boilers. But few exact data dealing 
with thisfmatter have been published. * 

The resistance of materials to wear (abrasion or attrition) 
depends jointly on their tenacity and* hardness. The latter 
property may be best ascertained by the use of Turner’s sclero- 
meter (Iwdness measurer), a modified form of which, devised 
by one*oP tho authors, is shown in the figure above. A •steel¬ 
yard b^m. A, *vings on a. pivot in a horizontal plane, and 
oscillates on knife edges in a vertical plane. At th# end remdte 
from the knife edges is a style, B, shod with a diamond point. 
THis style is set at igi angle with the plane of the beam for a 
Pjirflose which will be explained later. A scale pan, C, |lides 
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STONE, BRICK, CONCRETE, AND CEMENT. 


Name. 

CorapresBlve 
Strength. 
Toiib iier 
S'tuare root. 

Tensile 
HtrcnRtl). 
libs, per 

Weight 

j>er 

Cubic Foot. 

Percentage 
of Water 
absorbed. 


Inch. 

Lbs. 

on Weight 




of 8toiie. 

STONE—Sandstones - 




0 

Prudham, 

45.')-3 


142-5 

4-00 

! Craigleith, . 

3.52-8 

453 


3-2 

,, Granites— 





Rubislaw (Aberdeen),* . 

1098-8 


163-7 

0-09 

Kenmay (Aberdeen), f . 

1211-1 


161-0 

0-21 

Aberdeen (another), 

1800 


104-1 

0*10 

Oirniah, 

1402 


104*3 

0-41' 

Norwegian, . 

1870 


105*5 

0-34 

Whinstone, 

709-0 

14li9 

170-0 

0-10 

Calcareous Stones - 





Oolitic limestone (l*ortland) 

287-0 


137-0 

0-84 

Dolomitic „ (Anston),| 

301-9 


132*2 

7*50 

True dolomite, 

577-4 


145-4 

4-62 

Marble (White Italian), . 

1400 

722 

170 

Trace. 

Marble (Red Devon), 

470-0 




BRICK— 





London stock, 

128 




(iault brick, . 

135-4 



19 

Staffordshire blue brick,. 

207-8 



3-7 

Red brick (machine made), 

113-8 



9-9 

kSpent lime and clinker, . 

301 



6-0 

CONCRETE— 




< 

* 1 cement: 0 ballast (twelve 





months old). 

91 




1 cement; 2 ballast, 

100 




CEMENT— 





A. Neat— 





7 days, 

57U 




3 months, 

739 



a 


771 




12 .1, . . 

932 




24 „ . . 

3 sand : 1 cement— 





7 days, . . . 

275 

300 



3 months. 

308 

350 



•i . . 

360 

400 



12 „ . . 

300 

425 

.. 

.. 

'24. 

B. Neat— 


460 



, 7 days. 

483 

611 


N . . 

28 „ ' . 

3 sand : 1 cement — 

598 

869 


i 

7 days, 

*' 28 „ ... 

143 

208 

233 

290' 


O 

. Jt) 


♦ Used f,)r London Bridge. t Vsed for Forth Bridge, 
t Houses of Parliament. 
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METALS. 


Njiim*. 


Cast iron, . . . , . 

MaJIea%le cast iron, 

Wrought iron. 

Ingot iron (O’l per cejit. C), . 

„ {0-2 „ C), . 

(0-8 „ C), . 

„ (0*4 „ C), . 

Cast stc“1 hard (0 0 per cent. C), . 

Hard steel wire (tine gauge), 
Bull-heailed railway rails, 

Tramway rails and dshplates, 
Locomotive tyres, .... 

,, axles, .... 
Carriage and wagon tyres, 

,, ,, axles, . . , ; 

*Forged iron, annealed (99 80 F«*, 0’08 C), I 
* ,, nickel, ,, (98*80 Ni, 0*J() C), 

•Nickel steel p.c. Ni, 0*2 p.c. C), 

„ (3-82 p.c. Ni, 019 0, 0 05 Mn), 
„ (ID'-ISp.c. Ni.0 23C, 0-93Mn), 
Nickel iron (24*51 p.c. Ni, 016 C, 4*00 Mn), 
Nickel steel wire (27 8 p.c. Ni, 0*4 C), . 
Nickel, rolled, ..... 

’ 'Nickel, wrought, annealed, . 

.tOucible steel (C, Mn), . 

0 ., (plus 1 percent. Cr), 

,, (plus 0*1 per cent. V), 

,, (plus 0*25 ,, ), 

,, (plus 1 p.c. Cr + 0’25 V), 
Open-hearth steel (C, Mn), . 

„ (+1 p.c. Or + 0*15 p.c. V), 

Copper (tough pitch), .... 
Brass (2 copper : 1 zinc), 

Gun-iretal (9 Cu : 1 Sn), 

Phosphor-bronze, rolled, 

' ,, cast, . 

Muntz metal siieet, 

Delta metal, cast, .... 

,, rolled, 

‘Bull metal, 

,, cast, .... 

Manganese bjonze, castf 
Ahimfniuai bvonze (10 per cent.), rolled 
Alurainid^. ea.st, .... 

,• rolled. 

Nickel, ^ . . . ♦ . 

Zinc, gbeet, . 

Lead, . 


Tensile 

Stronj'th 

Elastic 

Exttmsioii. 

ReiOiction 
o1 Area. 
Per Cent. 

< 

Tons per 
s<|. Inch. 

Limit. 

Ter t:ent. 

"7 

«» 


lnaii|>rccl.ible 

I7-.S 


5'() 

6-9 


W\o 

2(i 

30-40 

25 

15 

: 28 

60 

‘is 

17 

•24 

414 


21 

20 

30 

40 

24 

15 

25 

tiO 


1 


100 


1 


;{8.45 


15 


40 


12 in 2" 


48-54 

:{2-37 

... 

... 

15-11 in 2" 
25 in 3" 


40 42 

... 

20in 2" 


20-30 


30 in 3" 


IS 

0 

52 in 2" 

76 

13j 

' 7 

54 in 2" 

52J 

42 

27 

20 ill 3" 

61 

33 

25 

35 in 2" 

55 

08 


1 in 2" 

1 

78 

25 

14 in 2' 

8 

SO 


0-25 in 2" 

16-5 

35 


10 in-2" 


42-4 


23 in 2" 


27 

10 

35 in 2“ 

60 

38 

25 

30 in 2" 

57 . 

35 

28-5 

31 in 2" 

60 

30 

34 1 

24 in 2" 

59 

00-4 

49-4 

18 5 in 2" 

46-3 

32'2 

17-7 

34 in 2" 

52-6 

52 C 

34 '4 

25 in 2' 

55-S 

13-15 

6-8 

40 

40 

Id 

15-20 

( 

OccHkiuHitlljr 

) 


32 

iKUie. 

SoiiicUiiies 


50 

( 

*J4 Mi'higlicr. 

1 


18 

12 

11 

10 

21 

• ... 

50 in 5" 

56 

20 


40 in 5" 

48 

32 

16 

18 

20 

45 

■20 

■20 

22 

36 

21 

. 10 

. 15 

24 

10 

10 

16 

30 

15 

2S * / 

20 

40 j 


SO I 

• 

0 j 

2-5 

3 

*5 

1C 


4 


85 



... • 


1 

* Hadfield {Proc. hist. Giv. Kng.^ exxx^ii). * 

T Sankey and IJent Smith {Rroc. Inst. Meek. iCn<j,^ iTcc. ;904).^ 
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along the beam, which is graduated, and by its means a load 
varying from 1 to 100 grammes can be placed upon the diamond 
point. The piece to be tested is prepared with a polished surface 
free from scratches, and is clamped on the rising table, D. The 
diamoiid point is loaded with a known pressure and drawn 
across the polished surface. The style carrying it is sloped, as 
mentioned above, to prevent “ chatter.” By means of the 
screw, E, the table is moved bodily a short distance-— e-cj., inch 
-^and another trial made with a difierent load. The load which 
just suffices to abrade the surface of the specimen is a measure 
of its hardness. The instrument is preferably used in con¬ 
junction with a low-power microscope (1 inch objective) to .view 
the scratches and decide which corresponds with the abrading 
load. The following table {Turner) shows the hardness of various 
materials, the figures being the load in grammes required to 
just scratch the specimen when tested by the sclerometer :— 


.Steatite, ...... 

Lcatl (coml.), ..... 

1 

Tin ... 

Ivock salt, ..... 

o 

4 

Zinc (annealed), .... 

6 

Copper ,, .... 

Calcite,. 

H 

12 

Softest iron,. 

If) 

Fluor spar, ..... 
Mild steel, ..... 

\<) 

21 

Tyre ,, ..... 

20-24 

Apatite, ...... 

:u 

Hard cast .scrap, .... 
Window glass, .... 

od 

(>() 

Hardest chilled iron. 

72 


In choo.sing a material of construction in respect of its strength 
as distinct from its durability, it may be said that w'herc static 
compressive loads have to bo borne, a rigid material, .such las 
stone, concrete, or such metals as are hard, and have a high 
compressivd strength in the cast state {e.g., cast iron "nd gun- 
metal), is preferable. When dynamic stresses have to be resisted, 
and toughness as distinct from rigidity is a necessity, some form 
of wrought metal, such as w'rought iron, ingot iron, copper, brass, 
and special copper alloys (e.g., phosphor-bronze), is employed. 
The tendency qf most cast metals, if allowed to cool shwiy, is to 
assume a crystalline structure favourable to rigidity and com¬ 
pressive strength rather than to toughness and tensile Si,rength. 
By working— e.g., rolling or forging—the crystals are commonly 
deformed in a longitudinal direction, and the metal acquires! a 
nigher tensile strength and ductility, with some loss of rigidity. 
Thus, as mentioned under iron, the gast metal isjised for b^d 
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plates and'standards, and wrought or ingot iron for moving 
parts. The use of ingot iron or mild steel for rails is no e.xcep- 
tion to the rule, as the stresses to which a rail is subjected are 
eminently dynamic. 

PERMANENCY OF STRUCTURAL MATERIALS.— llhe per¬ 
manency of building materials depends jointly on their inherent 
powers of resisting the destructive agents to which they may 
be exposed, and on the character of their environment, which 
may aid or hinder the disintegrating and corroding cfl'ect of such 
destructive agents. These destructive agents may be divided 
into two classes, mechanical and chemical, the former being 
the more important. 

Under the tii’st head are included such influences as erosion 
by sand mechanically- driven against the building by the wind, 
and the attack of rain and frost. With regard to the effect of 
sand it is obvious that it is likely to occur in ])laces where the 
soil is loose and siliceous and the wind often high. Thus buildings 
on the sea coast are especially liable to this form of attae.k, and 
the side of a given building facing the quarter from which the 
prevailing wind blows, naturally suffers mo.st. The effect of 
rain and frost is similarly localised by the action of the prevailing 
wind. The wind forces the rain into the stone, but, at the 
same time, causes the evaporation of the moisture when the 
rain has ceased ; thi.s will not, however, compensate for the 
increase of the action of acids w'hich may have been carried in by 
A.he rain (sec Chemical corrosive agents). Thus it comes about 
that the most exposed side of a building .suffers most from 
weathering. Probably the greatest mechanical effect is brought 
about by frost, which tends to disintegrate the stone by the 
expansion, in the act of freezing, of the water enclosed in the 
poi'es, with consequent separation of particles of the stone, 
(^old alone, if the stone be dry, has no deleterious effect, whence 
it follows that stone as quarried and containing much moisture 
must b« rendered fit for building purposes by being ‘"’.seasoned ”— 
i.C; allowed to dry. The amount of water which a stone will 
absorb under its conditions of use depends on its texture, a loose, 
porous structure causing a large absorption. Even where the 
new stone does not absorb much w-ater, it may tend to do so 
after,u*, if the grains composing it be easily^removed.by the 
mechanical actjpn of wind referred to above, and itj superficial 
strjictfire thus rendered more porous. The capability of* the 
stdtae fo resist the action of frost is ascertained by a direct freezing 
test. The test piece is saturated with water and alternately 
frozen and thawed (ix dozen times or more), and the los.s of weii^t 
of the blo«k by exfolia^on determined. A test formerly much 
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in vogue (Brard’s test), which consists in soaking the stone in 
a saturated solution of sodium sulphate, allowing the salt to 
crystallise in its pores, and repeating the operation, is fallacious, 
as the solution of sodium sulphate contracts in solidifying, and 
the ejtpansion of water iu the act of freezing is not imitated. 
The determination of the maximum amount of water which a 
stone will absorb is effected by soaking a test piece of known 
dimensions and weight until it is saturated, and ascertaining 
the increase of weight caused by the water which it has taken 
up. In the case of slate similarly tested, diphenylamine (M.P. 
64° C. = 129° F., B.P. 310° C. = 590° F.) has been recommended. 
The behaviour of different classes of stones (and of bricks) with 
regard to the action of frost, may be thus generalised :— 

(1) Those which are impermeable to moisture must plainly 
be unaffected.. Such are stones of extremely close structure— 
e.g., granite, and bricks and tiles burnt at a clinkering temperature. 

(2) Those which are porous but are of open texture and fail- 
cohesion arc likely to suffer little, as although water finds its 
way into them, yet there is room for it to expand on freezing 
without causing disintegration. 

(3) Those which are not very porous but are still hygroscopic, 
such as certain argillaceous varieties, are liable to serious attack, 
as water finds its way in and freezes in the pores without having 
room to expand. 

The only satisfactory manner of determining the frost-resisting 
power of a stone is to submit it to the freezing test above- 
mentioned. 

Although the, foregoing paragraphs have dealt chieHy with 
the behaviour of stone, they apply equally to artificial stone, 
including brick and concrete. The latter have, however, certain 
defects of their own. Thus, bricks which have been made from 
clay containing alkali salts are liable to efflorescence, the satis 
(sodium sulphate and carbonate) appearing on the surface of 
the brick with a disfiguring effect. Other causes of the presence 
of soluble salts inducing efflorescence, arc the presem^e of iron 
pyrites in the clay, and of sulphur in the fuel used to burn the 
bricks ; both these give rise to sulphuric acid during the burning, 
and the alkalies and alkaline earths present in the clay are con- 
verted.into sulphates. Pyritic clay should, therefore, be'avoided. 
Similar efflorescence occurs with artificial stone.avhich has been 
made by a process involving the use of an alkaline silichte, as 
any residual alkali left after the washing process which h;he 
stones undergo, is gradually converted into carbonate, and appears 
upon the surface. Concrete and cement mortar may also give 
efflorescences of calcium hydroxide and carbonate,-^ and, if in 
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contact with sea ivater, may develo() >:rowtlis comjiospd chiefly 
of magnesium hydroxide, due to tlie interaction of tlie mag¬ 
nesium salts of the sea-water and the lime compounds of the 
concrete. The foregoing efflorescences are sometimes fairly 
harmless ; frequently, however, they tend to cause damp places 
OQ the structure, destructive of paint and plaster, and even 
leading to the detachment of fragments of the wall. In the case 
of concrete the.se efflorescences owe their injurious character to 
the chemical actions involved rather than to any mechanical 
elfect which they exert. They will be dealt with more fully in 
the next section. 

•The growth of lichens on stone and brick influences the per¬ 
manency of these materials in a manner depending on the 
prevailing conditions. Thus, such a growth may serve as a pro¬ 
tection from rain, but, on the other hand, mj,y prevent the 
surface from drying. Since the plant needs a foothold, a smooth 
surface will be less able to afford su])port than a rough one. 
Porous brick and tile are typical materials upon wliich such 
growths occur. 

In the case of metals, the pos.sibility of mechanical de.struction 
iu less imminent than w ith stone and brick, on account of their 
closeness of grain and the fact that they are less frequently us(>d 
than stone or brick for outside work, or if so used are protecti'd ‘ 
by some external envelope. 'Pherc is, however, one cause of 
failure (previously adverted to incidentally) which must not be 
Overlooked in designing and maintaining metallic structures. 
It has been found that the frecpient ajiplication of a load, w'ell 
below that wdiich the metal it tested in the ordinary way is 
found to be easily capable of bearing, eventually produces 
“ fatigue ” in the metal, tending to change its structure and 
causing it to become crystalline and brittle. It may be .supposed 
that repeated agitation allows the molecules of the metal to 
assume the positions corresponding with the form in which it 
crystallises, and the consequent alteration to a le.ss interlocking 
structure naturally decreases the strength of the material. 
Instances of the change in question a»e afforded by the failure 
of railway axles, which have been found to become crystalline 
after long use, and by the sudden snapping of bra.ss chains, such 
as ar* tfced to support gas pendants, and are, therefoi^, sub¬ 
jected to repelled strains from the oscillation of Jlie burners 
dej^nifing from them. • 

The use of many structural materials involves operations 
ti’hich have a considerable effect upon the permanency of the 
^stfucture. This inffuence is distinct from that exerted by the 
quality of the materials qf construction themselves. All nfetbods 



^0 CHEMISTRY OF THE CHIEF MATERIALS OP CONSTRUCTION. 


of uniting separate pieces of the same material, or of one material 
with another, come into this category and may be considered 
here. 

The best method of joining is that of autogenous soldering— 
i.e., tte union of two pieces of the same material by bringing 
together the parts to be joined in a liquid or semi-liquid state. 
The process known par excellence as autogenous soldering is lead- 
burning (see Vitriol, Vol. II.). The operation of lead-burning 
epnsists in applying two clean surfaces of lead to each other and 
fusing their opposing edges, so that the molten metal forms a 
seam between the two, continuous and homogeneous with the 
portions joined. Fusion is effected by the flame of a blowppe 
fed with hydrogen and air, the source of heat being sufficiently 
intense to fuse the metal locally without he.ating the adjacent 
portions, and being also clean and free from products of com¬ 
bustion {e.g., sulphurous gases) capable of tarnishing the metal 
to be joined.* Another case of strictly autogenous soldering 
is afforded by the welding of iron and of steel. Here the metal 
is not actually fused so that it will intermix by its own flow, 
but when in a plastic state it is caused to flow by pressure, applied 
either as a steady stress or by hammering. The simplest form 
of welding is that practised by the smith, and consists in raising 
the temperature of the parts to be welded to a “ welding heat ” 
— i.e., nearly the highest temperature of the forge (see Industrial 
Temperatures, p. 114), cleaning the surface by slagging (fluxing) 
off the oxide with sand or borax (which thus serves as a flux)', 
and hammering together the surfaces to be joined. Wrought 
iron will stand a high welding temperature, and is correspondingly 
easy to weld. Ingot iron and mild steel are somewhat less easy 
to weld, and are worked at a rather lower temperature ; higher 
carbon steel needs a still lower temperature and more careful 
working, borax and sal-ammoniac being used as fluxes, as a slag 
formed by the aid of sand is not sufficiently fusible at a red 
heat. A neat application of the use of a flux to be placed between 
the surfaces to be welded has been devised, and consists in 
employing fine soft iron-wire gauze, the meshes of which are filled 
with borax glass (fused borax). Pieces of this are placed betw'een 
the metal to be welded, and present the flux at the precise spot 
where it is needed. The difficulty of welding high carbom steel 
is increased when it has to be welded to ingot iron or w’rought 
iroiF, as a temperature suitable for the former is too low lor ithe 
satisfactory working of the latter. Certain tools— e.g., hack-oaVs, 

f, The strength and permanence of concrete madcOt situ and built uj^.to 
form wbat is in essence a monolith, arc largely due to the method of jointing,« 
which is quite comparable with autogenous soHering. ' 
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■vices, and liammers that need a liard working face and a soft, 
tough backing—are produced by welding hard steel to softer 
steel or iron. A skate blade and a compound armour plate are 
examples of the same practice. A difEculty w hich stood in the 
way of oxyliydrogen blowpipe welding—viz., the economical 
production of the two gases—lias now- been oviu'come by a 
method depending on the electrolysis of water (p. '.)(>). 1’he 
blowpipe, in which the gases are burned, is a conical mixed jet 
pipe with a small brass nozzle, and is now used for the autogenouj 
soldering of iron, steel, co])per, and other metals. Oxygen and 
hydrogen are used in the apparatus in the propoidion of one to 
six "respectively, and, as the decomposition process yields the 
two gases in the proportion of one to two the excess of oxygen 
i.s corapres.sed into (cylinders and sold tor medical ami other 
purpose.s. The use of oxygen and acetylene in a.special blow¬ 
pipe foi supplying the heat necessary in autogenous welding is 
a recent development, and has many advantages, dlie oxvgen 
is contained in a cylinder in a state of compression, while the 
acetylene is drawn directly from a generator of any ordinary 
pattern w^hicli yields the gas in a pure state and uncontaminated 
with air. The best welding results are obtained by a mixture 
of 1 volume of acetylene and 1'7 volumes of oxygen. The 
temperature of the flame (about (),(KX)° F. = 3,300° C.) is above 
, that at which hydrogen will combine with oxygen to form water, 
can only be exceeded by that found in a jioweiful ekadric 
furnace. The ffame consists almost entirely of carbon monoxide, 
which is being converted a t the extremity of the Hame into carbon 
■dioxide. The hydrogen dissociated from the acetvlenc remains 
temporarily in the free state, and forms a relatively cool jacket 
round the flame, protecting the inner zone from loss of heat, 
and at the same time excluding the possibility of oxidation, 
which is a difficulty met w ith in the oxyliydrogen process. Oxy- 
acetylene autogenous welding is applicable to a gri-at variety 
of work,‘and its use is rapidly extending in engineering work 
generally. A recent method of welding which has found con¬ 
siderable employment is that depending 6n the use of electricity 
as a source of intense and local heat. A current of large quantit}' 
and low pressure, wliich may be obtained from an ordinary 
dynamic the interposition of a .step-down tfansforme*.* is 
passed tjprough the bars (o: other jrieces of iron) to be welded. 
At th« point where they touch, the resistance due to tlg'ir imperfect 
contact causes the transformation of electrical energy into heat; 

* A transformer is the Aodern equivalent of an induction coil: a step-up^ 
t'Mnsformer i.s essentially an induction coil; a steji-dou n transfouper a 
reversed induetTon coil. 
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as heating proceeds the resistance rises, in accordance with the 
general behaviour of metallic conductors, and more heat is 
generated, the opposed ends of the bars quickly reaching a 
welding temperature. During the process they are pressed 
together in the direction of their length, and the joint is finished 
by hammering in the usual way. An alternative method, appli¬ 
cable when it is not possible to make the two pieces of metal 
to be joined act as both electrodes, consists in the use of one 
as an electrode, and a carbon rod as the other electrode, local 
'lieating by means of the arc, thus produced being engendered, 
and welding of the two pieces of metal effected. This method 
has also been applied to lead-burning. Electric brazing is "also 
practised. The chief advantages of electrical welding are its 
rapidity and eleanline.ss, and the ease with which massive pieces 
of metal may be welded when already in place. Probably on 
account of the extremely local heating of the welded joint, 
an electrical weld is not as tough and reliable as a good hand 
weld, which can, when made in wrought iron, be bent through 
an angle of 180° cold, whereas an electriial weld usually faila 
at about 13.5°. Electrical wielding, on account of the high and 
local temperature at command, can be applied to other metals 
than iron. Copper can be, welded to copper, aluminium to 
aluminium, and indeed most metals to them.sclves and to each 
other. In these cases the, joint is made by local fusion rather 
than by welding in the ordinary sense. A .similar weld is obtained 
by the use of Goldschmidt’s thermite process, in which the inten'se 
heat developed by the oxidation of aluminium at the expense 
of another metallic oxide, mostly ferric oxide, is utilised. The 
thermite, consisting of an intimate mixture of aluminium powder 
and feme oxide, is fired by means of a fuse of magnesium ribbon, 
one end of which is embedded in a small ball of aluminium powder 
and barium peroxide placed in the thermite. The heat of 'che 
reaction produced is sufficient to melt the mixture, which is then 
poured on to the metal to be welded, the two pieces to b«'joined—r 
e.f/.. tram-rails—being clamped together and surrounded by a 
rough mould of sand. ’The weld is finished off by filing away, 
if necessary, the iron from the mixture which has fused on to 
the metal. In the case of rails, however, only the top surface 
is finished in this way, the lump of iron at the botroBi being 
left, as it,increases the strength of the joint. Autogenoi^s solder- 
in;;, using the phrase in its widest sense, has the advantage over 
other methods of joining that risk of destruction by the«fdrma- 
tion of galvanic couples from the contac^t of different metals 
'with each other is minimi.sed. *' ^ 

Methods of ..soldering, as distinct ftom autegenods soldering. 
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consist in joming two metals by an alloy more fusible than either, 
but capable of forming an alloy with each. Hard soldering or 
brazing is used chiefly for copper and brass, the fusible alloy 
employed being a brass rich in zinc ; the ordinary hard solder, 

“ spelter,”* for brass consisting of 1 part of copper and 1 ci zinc, 
that for copper (and iron) having the composition of 2 of zinc to 
from 3 to 6 of copper. The melting point of the solder is of 
course chosen so as to fall below that of the metal to be .soldered. 
This difference in melting point is indicated by the terms hard 
and soft spelter, the former being the less fusible. 'I’hc Hu.n used 
is borax, which is generally mixed with the solder, the latter 
being in the form of filings or wire. The mixture is made into 
a paste with water and applied to the joint, which is wired or 
pinned together so that it may not shift during soldering. The 
heating is effected by a. coke fire or a gas blowpijjc. Acetylene 
is occasionally used instead of coal gas. The action of bora.x 
as a flux is due to its power of dissolving mctallie oxides, while 
leaving metals unattaeked ; cleaned metallic surfaces are thus 
presented to thi? action of the soldei’, a. condition essential to 
^ the formation of alloys. Silver solder is another hard solder 
used for fine work in the same way and with the same flux as 
spelter. Hard silver solder contains 1 part of copper and I of 
silver, a softer variety containing 1 of copper and 2 of silver. 

Soft solder is nsed for joining tin-plate and the more fusible 
* metals and alloy.s—c.g., zinc, lead, tin. and jiewter. it is also 
largely used for brass and cojiper where strength of joint is not 
essential and the low fusing point of the .solder is no detriment. 
Most v.arieties of soft solder are lead-tin alloys. Fine solder, the 
most fusible of common solders, contains 2 of tin to 1 of lead ; 
tinman’s solder, l of tin to f of lead ; common plumber’s solder, 

1 of tin to 2 of lead ; coarse solder, I of tin to .3 of lead : pewterer’s 
SOMer consists of 2 of tin, 1 of leail, and 1 of bismuth, the object 
of the addition of the latter being to lower the fusion point . 
below tliwt of the pewter. Various Iluxes are used, according 
•to the nature of the metal to be .soldered. Iron, which is loss 
frequently soldered than the metals enumerated above, j-eipiircs 
sal-ammoniac as a flux ; for tin-])late, chloride of zinc solution or 
rosin is employed ; for copper, any one of the three can be used; 
hydrocjjliiiic acid or ziuc chloride is used for zinc tallow fo*- lead 
— e.g., in “ wiping” joints ; and olive oil for pewter. 'I’lvo elas.se» 
of fliyces*may be distinguished in this list. The fir.st has a purely 
protAtjve action, preventing the oxidation of the pieviously- 
claaned metal surfaces ; examples of this class are rosin, tallow, 

* ^Iter is used technically to mean (1) hard solder for brazing, ajd (2)* 
cast zinc, as op*)osed to rolled sheet zinc. 
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and olive oil. The second has a cleansing action, any oxide-film 
on the metal being fluxed and removed ; sal-ammoniac, zinc 
chloride, and hydrochloric acid are cases in point. The use of 
these latter depends on the volatility and fusibility of most 
metallic chlorides. The choice of a flux depends mainly on the 
fusibility of the ipetal to be soldered, and on the readiness with 
which it oxidises. Thus tin (or tin plate), which does not easily 
oxidise and fuses readily, needs a fusible solder and a fusible flux 
^which may be merely protective and have no cleansing action ; 
such a flux is rosin. Copper is fairly non-oxidisable as compared 
with zinc or iron, and may be soldered with rosin, but zinc chloride 
is generally used. Zinc is a difficult metal to solder, as it is easily 
oxidisable and needs a cleansing flux. When hydrochloric acid 
is used, zinc chloride is formed in situ, but the zinc chloride can 
be also applied as such to the surface. In both cases zinc oxide 
is dissolved and a clean surface presented to the solder. The 
technical name for zinc chloride solution is “ killed spirits of 
salt,” it being made by “ killing ” spirits of salt (hydrochloric 
acid) by the addition of scrap zinc until saturation is reached. 
The soldering of iron and of copper is much facilitated by previous 
tinning, the process consisting in wetting the clean surface with' 
pure tin before the soldering proper is performed. 

A method of joining iron pipes where the joint will not need 
to be broken after it has been once made, consists in the use of a 
“ rust-joint.” The cement for this joint is made by mixing iron 
borings or filings (80 parts) with sal-ammoniac (1 part) ^Ind 
sulphur (2 parts), the whole being moistened with water and 
rammed into the joint. The joint is essentially iron rust, rapid 
rusting being induced by the minor ingredients. 

Passing from mechanical causes of permanency or its opposite, 
chemical agents influencing the permanency of structural materials 
must be considered. The chemical agents which lead to '’the 
destruction of building materials are water, acting as a solvent 
and hydrating agent, carbon dioxide, and sulphurouS’ and sul¬ 
phuric acids, the last three acting simply as acid solvents in the 
presence of water. Nearly the only structural material suffering 
simple solution is plaster of Paris (calcium sulphate), including 
Keene’s cement (q.v., Vol. II.). On account of its solubility 
it is Ainly used for work protected from the weather, yr /or tem¬ 
porary facing of hydraulic mortar exposed to tl)e action of water, 
ip. order that the mortar may be protected while setfmg,; the 
plaster is ultimately washed away, having fulfilled its fjinotion. 
The concrete itself, even when fully set, is not necessarily per- 
'■■manent when its structure is porous and' water has free, ascess 
to it, as hydr^iulic cements are by no^means perfectly unaffected 



CORROSION OF STONE AND METALS. 


by water. Tke presence in the water of .salts with which the * 
hydraulic cement is capable of reacting— cjj., salts of magne.sium 
—accelerates such change. Destruction may also be induced 
by the action of calcium sulphate in sea water brought into 
contact with hydraulic cement, inasmuch as this salt foiiiis a 
definite compound with the calcium aluminate, 3CaO. ALO.,. 
constituting an important part of the compo.sition of the cement, 
and produces internal expansion or “ blowing.” As an hydrating 
agent, water will sometimes cause the disintegration of brii^k.s 
which have been made from clay containing small lumps of challf 
that have not been comminuted before the burning of the brick. 
The.quicklime produced by the burning of these lunip.s expands 
in slaking, and splits off portions of the brick. \\’hen the chalk 
is thoroughly crushed and mixed it is harmless, as on burning, 
stable acid silicates of lime arc formed, which do not expand by 
slaking on exposure to water. (Jarbon dioxide, sufphiirous acid, 
and sulphuric acid have but little effect on dry structural materials, 
but are actively corrosive in the presence of water. It follows 
that all important parts of buildings should be protected from 
'moisture, or well drained. Sandstone and brick, being acid 
materials, are not much attacked by these acid gases. Calcareous 
stones, on the other hand, being basic in character, arc much 
corroded. The attack of calcareous stonc.s is particularly severe 
in towns, where the air is laden not only with caibon dioxide, 
but also with .sulphurous and sulphuric acids from the combustion 
oFfuel, coal always containing sulphur (v.i.). The action of CO., 
on calcareous stones is due to the solubility of the earthy car¬ 
bonates— e.g., CaCO.. and MgCO,,—in water containing CO.,. 
The activity of such strongly acid substances as SO., .and SO, 
needs no .special explanation. The more porous a stone, other 
things being equal, the more readily will it be corroded. 'I’hus 
in‘the case of granite, which is almost perfectly impervious, 
corrosion is extremely slow, although the finely-divided stone is 
fairly easily attacked. Another corroding agent is atmospheric 
' oxygen, when an oxidisablc material such as pyrites is present 
in the stone. Pyrites (particularly the fqrm known as marcasite) 
in stone or slate is oxidised by air and moisture to sulphates of 
iron, and causes disintegration and corrosion. 

The .corrosion of metals, which are completely impervious, 
necessarily proceeds wholly from without, and ’is more essen¬ 
tially dffe to oxidation than to the direct solvent action of aci^s, 
altheugh the latter enhance the severity of the 'attack. The 
dtcay of iron, commonly known as rusting, is especially rapid 
and»far-reaching, on ^fccount of the fact that the oxidation of iron 
iS both att^ided bj’ the ^evolution of much heaj and is easily 
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initiated (c/. the oxidation of aluminium, ij.v.), and also because 
the rust formed does not protect the rest of the iron, but rather 
increases its corrosion. It is probable that the simultaneous 
presence of water, oxygen, and an acid (generally carbonic acid) 
is necessary for the rusting of iron. In the absence of any one of 
these, but little rusting occurs. Moreover, the presence of an 
alkali, or even an alkaline carbonate,* prevents the rusting of 
iron. The rusting of iron may be. viewed as taking place in two 
stages, according to the equations— 

(1) Kc 4 H„() -f 00., = Fet;0., -i- H., 

(2) gKcOO. + :!H.,0 + O -= Kc.(OH),., + 2C0., 

Taking this view of the change, it is apparent that a small amount 
of COo may bo instrumental in rusting an indefinitely large 
amount of iron. The elimination of hydrogen in the first stage 
of the reaction causes the removal of carbon (as hydrocarbons) 
from iron containing that element.f It has been shown that 
rust is not pure hydrated ferric oxide, but contains hydrated 
ferrous oxide, the two being at least partially present as hydrated 
ferroso-ferric oxide, which accounts for the fact that common rust 
is attracted by a magnet. This intermediate state of oxidation 
may arise from the action of hydrated ferric oxide on iron, yielding 
hydrated ferrous oxide. This latter may in turn oxidise and 
act upon the remaining iron, the hydrated ferrous oxide serving 
in fact as a carrier of oxygen from the air to the iron. The 
rate of rusting of grey cast iron is generally slower than th\;t 
of wrought iron or ingot iron. These two forms of the metal 
corrode the more rapidly with rising content of carbon, a general¬ 
isation w’hich extends to cast steel and white cast iron containing 
much combined carbon. 

Rust will generally contain its constituents m proportions 


■exemplified below 

Moisture, . 


Per cent. 

11-77 

Siliceous matter, 


3-.T.i 

KeoOs, 


CO-82 

FeO, . 


3-99 

CaO, . 


0-76 

MgO,. . . 


. Trace. 

CuO, . 


Trace. 

Combined HjO and loss, .... 

13-63 „ 


♦ In certain cases, however, it is found that ainmoriiuin carbonate will 
induce rusting. ‘ . , ♦ 

•f Dunstan and others have recently put forward the view that the preson^ 
•of oxygen and liquid water only is necessary for the rusting of iron; thtft 
-rtirbon dioxide plays little, it any, role ; and thSt hydrogen peroxide is 
probably always fprmed as an intermediate product. , ‘ 
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Rusting is" increased by galvanic action set up by contact of 
the iron with a metal electro-negative to it— p.<j.. copper or tin. 
Thus, tin plate rusts more rapidl)^ than unprotected plate at 
any spot from which the tin has been removed, the surrounding 
tin forming a galvanic couple w’ith the exposed iron. Th^ cor¬ 
rosion of iron railings, set at their foot in lead, which takes place 
very locally just above the point of contact of the two metals, i.s 
due largely to galvanic action. The same applies to iron pro¬ 
tected by a film of copper rolled on or electrolytically deposited ; 
the protection is satisfactory only as long as the <'oating i.s jier- 
fect. With zinced iron, on the other hand, slight imperfection 
of the coating are of less importance, as the zinc is electro-positive 
to iron and is the attacked metal of tlie couple, the c.xiiosed iron 
being protected at the expense of the zinc. This protection, 
though useful when the zinced iron is uniformly wetted, is not 
necessarily effective wlien the metal is only s}b'inkled with 
moisture, as a given spot of water may be exclu.sively in contact 
with the iron, and thus no couple may be formed. Zinced iron 
is not very resistant to salt water and sea. .air, the zinc being 
rapidly stripped by the action of chlorides, and the iron cx|W)sed. 
•Two pieces of iron of diflferent kinds may also form a galvanic 
couple, and increase the rate of rusting. Iron of all sorts is far 
from perfectly homogeneous, and this want of uniformity may 
lead to local rusting without contact with any other metal. 

• Thus, wrought iron often contains slag unevenly distributed, 
tn^ the loose porous places caused by the presence of the slag 
are good starting points for “ pitting.” Ingot iron may contain 
manganese disposed irregularly, and pitting may re.sult from 
this circumstance. 

This kind of .corrosion i.s illustrated by the attack of propeller 
shafts at the point where they jirojcct from their brass sheathing ; 
thi* has been found so serious as to necessitate special methods 
of protection. (The ( orro.sion of iron is also discussed in Chap, 
iii., p. IfJ.) 

, Copper is le.ss easily oxidised than iron. W hen exposed, 
however, to moist air, it is attacked, with the formation of basic 
carbonate of copper, a bluish-green film being formed. On 
account of the readiness with which copper is attacked by cupric 
salts—the .cuprous salts formed serving as oxygen carriers— 
progressive corrosion is to be expected. The presence of an acid 
gas enhilhees th# corrosion and particularly increase? its pro- 
gressfre character. If the acid gas be HCl, or if tbe copper be 
exposed to a solution of salt (in the presence of air), the corrosion 
is c^sed by the foriaation of an oxychloride instead of a basics 
•arbonate. ^Ithough attacked by sea water, copper is* less 
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rapidly corroded by this agent than is iron, and on this account 
has been used for sheathing ships. The copper salts formed, 
moreover, constitute by their poisonous action a certain protection 
against fouling by marine growths. Copper for vessels for con¬ 
taining or conveying articles of food or drink are thickly tinned, 
on the inside, the melted tin being wiped upon the cleaned surface 
of the copper in the presence of a flux, as in soldering. Where 
strength and resistance to accidental overheating are not essential 
pure tin may be substituted for tinned copper with advantage. 
^Silvered copper and pure silver are also used in special cases— 
e.g., in the worms of acetic .acid stills. The behaviour of most 
copper alloys— c.g., brass—in respect of corrosion is similar to 
that of copper, but copper-tin alloys, as, for instance, bronze 
and gun-metal, are less easily attacked than copper itself. In 
the case of Muntz metal, the zinc is very slowly dissolved out by 
electrolytic ac'cion, leaving a skeleton of copper behind. Statuary 
and ornamental bronze gradually acquires by exposure a pro¬ 
tective film, ranging in colour from green to nearly black, which 
is termed a “ patina,” and improves the appearance of the metal. 
An artificial patina may be produced by slightly corroding the 
surface of copper and its alloys by such saline solutions as am- c 
monium chloride in conjunction with copper salts. Treatment 
of this kind comes under the general head of metal colouring; 
for details, special manuals must be consulted. 

Copper aluminium alloys (aluminium bronzes) are rem.arkable , 
for their resistance to corrosion, and on this account are used (pr 
ships’ fittings, propeller blades, and filter press plates, where 
their cost is not excessive. The fact that aluminium alloys with 
copper with the occurrence of an exothermic reaction, doubtless 
contributes to the stability of the alloy. 

Zinc oxidises superficially in moist air, but the coating of zinc 
oxide or basic carbonate produced affords sufficient protection 
for the underlying metal. When add gases are present in the 
air, or when the metal is in contact with solutions of chlorides, 
the film dissolves and corrosion proceeds. Contact "with an^^ 
electro-negative metal or the solution of a salt of one— e.g., copper 
—is particularly fatal t'o zinc, as a couple is formed, and then 
corrosion proceeds at a rate to be expected from the oxidisable 
character of zinc. Pure zinc is very difficult of atti^k; com- 
merc&l zinc, containing lead, is more readily corroded, a^ it has 
within it Vhe elements of a couple. Zinc, wherf used in Che form 
of the coating on zinced iron, for pipes and cisterns, resist^ the 
action of calcareous, slightly alkaline waters well, a coalting ^of 
(jiasic carbonate protecting the metal. Seft waters contai^iing 

traced of organic acids and nitrates (which suffer reduction ti' 

* * * 
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animoiiia), however, attack zinc appreciably, and zinced pipes 
are unsuited for their conveyance, the more so as any e.xposed 
iron forms a couple with the zinc and increases its rate of cor¬ 
rosion. Zinc salts being somewhat toxic, their presence in 
drinking water is objectionable. It has been found that ?*nc is 
sometimes attacked when in contact with cement, mortar, or 
brick. In the case of the first two, corrosion appears to be due 
to the alkaline substances present, zinc being soluble in aikalic.s ; 
the latter acts by the presence in it of soluble salts, notably 
chlorides. ^ 

Lead oxidi.ses with great ease when exposed to air, but the 
oxidation is exceedingly superficial, and the film is protective. 
The case is quite otherwise when carbonic acid is abundant and 
an organic acid present, a crust of basic lead carbonate being 
formed by an action similar to that taking place in the manufac¬ 
ture of white lead by the Dutch process {q.v., Vol. llf). Complete 
conversion of the original lead into crude white lead may thus 
occur. On account of the cumulative toxic, effect of lead, its 
presence in drinking water is very objectionable. Soft waters, 
especially if conta.ining traces of organic acid— e.q., moorland 
peat waters—-dissolve the lead oxide first formed, and leave the 
metal exposed for further attack. Slightly alkaline calcareous 
waters have no corrosive effect. The solvent effect is increa.sed 
or decreased by pressure (such as obtains in water mains), accord- 
•ing to the character of the water ; direct experiment is, therefore, 
iof.pssai-y to decide the behaviour of any given sample. It will 
be seen that it is hardly possible to lay down rules for the guid¬ 
ance of the water cngineiw, who is thus ultimately dependent, 
as in most similar eases, on the aid of the c hemist. 

The charactej of the corrosion of aluminium is dealt with 
under the description of the metal itself (see Metallurijy). It 
ma)! be said here that aluminium has been found, when pure, 
to resist the corrosion of most articles of food and drink. The 
feebleness^of the toxic action of aluminium salts makes the small 
quantity of the metal taken into solution of no practical import¬ 
ance. 

Nickel is more difficultly oxidisable, than any of the foregoing 
metals. It tarnishes in moist air, but the attack is purely super¬ 
ficial. It ijpsists the joint action of salt water and air better 
than do most common metals. Weak acids attack it with 
moderate %ase, buP it is used for cooking vessels to somi? extent. 

Its alfcy with iron (75 per cent. Fe, 25 per cent. Ni), thouglT 
mote readily corroded than nickel, is still very resistant, and 
may j:eplace brass, cofper, and plated goods for many minor , 
purposes, the more so as it can be stamped and spun. As will 
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be seen from the following table, due to Prof. Howe,- nickel steel 
(containing about 3 per cent, of nickel) is more resistant than 
either wrought iron or mild steel. The specimens were exposed 
for one year, and the corrosion of the wrought iron is in each 
case teiken as 100 :— 


Material. 

Sea Water. 

fresh 

M'ater. 

Weather. 

Average.- 

Wrought iron, . 

1(H) 

1(10 

100 

KK) 

Soft steel, 

114 

14 

103 

103 

Nickel steel (3 per cent.), . 

S3 

SO 

07 

77 , 

Nickel iron alloy (26 p<*r cent. ] 


32 

30 

31 


Timber is shbject to deterioration b)- reason of the mechanical 
efiects of ordinary wear and tear, conditions of climate, and from 
the action of insects, such as ants and worms. Mote important, 
however, is the decay of wood due to the growth of bacteria and 
fungi. These bring about changes in the wood substance itself 
by producing certain complex chemical substances known as fer-' 
ments, w'hich decompose the cellulose and lignin forming the 
wood cells. The fungoid growth depends upon the presence of 
moisture, warmth, and air, and, moreover, is much more rapid 
in sapwood, the cells of which contain fermentable substances,, 
than in heartwood. a. 

METHODS FOR THE PRESERVATION OF STRUCTURAL 
MATERIALS. —The preservation of stone and brick may be 
effected by making them non-porous, and for this, various means 
may be used. Glazing is occasionally practised for bricks and 
tiles used for indoor work ; the objections to it for outdoor work 
have been stated under tiles (p. 30). By the application of a 
fatty or oily varnish which will soak into the stone (or 'brick) 
the surface may be rendered non-porous, but since most materials 
of this nature are far less durable than the stone itself, repeti,.^ 
tion of the process at intervals of a few years is necessary. Var¬ 
nishes of this kind include drying oils, paraffin wax applied hot 
or in solution in coal-tar naphtha, and soft soap followed by 
an aluminium salt in order to precipitate the aluminium salts of 
the fatty acids of the soap in the pores of the stone. These 
piaterials, however, deteriorate the appearance of the'tetone. A 
preservative of a different order is silicate of soda applied to 
calcareous stones (calcium silicate and sodium carbonate bping 
produced). The successive treatment ofUandstones with ^,licate 
of Soda and r alcium or barium chloride is also practised (calcium 
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' or biirium siliciiti' iiud sodium cldoride beiiijs formed); in this 
<;ase tbo ston(“ is treated witli silicate of soda, allowed to dry, 
and then saturated with the alkaline earth chloride. A .similar 
preseivative material i.s obtained by the .succe.ssive use of Jiydro- 
tluosilicic a< id and baryta, insoluble barium Hiiosilicate being 
deposited. 'I'he last-mentioned process ha.s the advantage that 
no soluble salt is formed in the stone, and thu.s efflorescence is 
iivoided. 'I'lut onl\' process of protecting stone which is largely 
used is the iippliciition of ordintvry paint. With regard to tL€ 
use of atiy jtreservativi! coatitig which renders the stone or briak 
impervious, it mtiy be said that ordinary structures of porous 
unfreated material, though absorbing moisture readily, tdlow 
its egress to take place (M|u;illy readily, and offer no hindrance 
to tnitisfusion of air througli their walls. A building with 
impervitiits walls, ivlthough exeliiding damp <fom without, 
ineludis ititeruiil datnp. atid tdlows no ventilation other than 
through d('linit(t opettitigs (windows, &c.) to take place. 

Iron is the chief metal for the protection of which special pre¬ 
servative coalings are in use. Zincing for effecting this purpose 
has already been des( rilied. As it cannot be renewed in situ 
it is not used for permanent non-])ortable structures. A method 
of protecting. ;iv! al the same time ornamenting, iron, largely 
used for sign-boar<ls and cooking vessels, consists in enamelling 
it.'* The details of the process are for the most part kept as a 
tn^de secret, but its principle is very simple. A preliminary 
glase is given t.o the iron b\’ fusing an appropriate frit (see Pollery, 
Vol. II.) on it in a mullle, and the metal is then coated with a 
second layer of more fusible glaze by a further similar treatment. 
The object of the lirst glaze is to provide a film intermediate in 
respect of its 'coeflieient of (‘.\pansion biitween the iron and the 
e.vterior glaze. 

Moreover, the sta,nuie oxide wliieh is always present in the 
■second layer would be reduced by the carbon contained in the 
iron at tL% temperature of tlie muffle, and cause the development 
^of blisters. The first layer or ground enamel ” is essentially 
an easily fusible substance containing definite amounts of borax 
with cobalt or nickel o.xide and a little limonite (hydrated ferric 
oxide), the proportions of wdiich determine its coefficient of expan¬ 
sion. ki order to produce a sufficiently fusible glaze, lead bxide 
was forn^rly an ajmost invariable constituent of both glazes, and 
is stiil used largely by makers of cheap enamel ware. From*3 
hygietii : standpoint this is objectionable in the case of glazed 
cooking vessels, besidij^ being a source of danger to the workmen^ 

• * Ac processes will be found fully described in Enamelliny on lro% ayid 
by Juliu^Griiiiwald, Ix)n4on, 1910. 
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employed. Moreover, an enamel containing lead is found to be 
somewhat unstable when exposed to the weather. In recent 
years an important advance has been made in the gradual but 
successful supplanting of lead glazes by harmless, inexpensive, 
and mtire durable enamels, especially in countries such as Germany 
and Austria-Hungary, in which the use of lead (and antimony) 
compounds is forbidden. Enamel is merely a coating of glass 
containing an ingredient such as stannic oxide, bone ash, or 
4itanic acid (TiO,,) to render it opaque. Various metallic oxides 
may be added to impart colour, but white i.s the most common 
variety of enamel used. The ingredients of the enamel, having 
been ground and mixed, are completely vitrefied in a reverberatory 
furnace, and then granulated in water. The enamel is then 
ground with water, with the addition of stannic oxide for 
developing a good white colour in the enamel, and clay which 
has the capacity of holding the enamel in a state of suspension 
and prevents it from “ settling.” In some cases certain other 
ingredients are added during the grinding process, such as cal¬ 
cined magnesia and ammonium carbonate, which serve as 
vehicles to stiffen the enamel, and various coloured oxides. 
The nature of these enamels may be judged from the following ' 
formuho:— 


<iroviiid Eniinivl. 

White EnanK'l. 

AiUlitiim on Orindi.ng. 

Borax (XaJhO-. lOH.p) . = Sft O 

Felspar ( 6 SiUj. Al.Oj. K„0) = .30’7 
Quartz (KiOo) . . . = I7’'i 

Soda (Na^COj) . . . = 4-6 

Fluorspar (CaF..,) . . = 4-0 

Saltpetre (NaNO;,) . . = IVO 

Cobalt oxide ((Jo., 03 ). . = 0''2 

Limonite (‘iFe.Cs. SH.jO) . = 0 7 

100-0 

Borax. . = 

Felspar . = JID'O 

Soda , . = 2'(5 

Cryolite . = 13*0 

Saltpetre . = 2 0 

Clay . , = 1*6 

Stannic oxide = i'li 
Magnesia . = 0*1 

Fluorspar . = 0‘1 

100-0 

('Stannic oxide, 7 % 

Clay, . . 7 % 

I^Magnesia, . 0-3 % 


The iron to be enamelled is prepared by annealing, pickling, 
scouigng, and washing. It is then coated with the enamel, 
carefully, dried'in ovens, and fired in a muffle furnace. For the 
fir^st layer a temperature of 950°-l,000° C. fe used, 'while for 
subsequent layers a somew'hat lower temperature (800“-85tt° C.) 
is usual. The time of firing is about four minutes. The comnwn 
' method of decorating enamel ware is by means of traijsfers 
printed withi ink made w'ith fusible oxides. Tl\e transfer ifB 
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attiichod to the enamel surface, and the oi'namentatioii fixed 
hiy firing. 

Another metliod, in which the protective coating i.s made from 
the iron itself, is that known as the Bower-Barff proems. In 
tliis the goods are heated in a muffle to about 538“ C. = 1,000° F., 
and .steam, .superheated to about the same temperature, is 
admitted into the muffle. 'I’hc iron dccompo.ses the steam, 
becoming coated with black ferro.so-fcrric oxide. 'J’ho doptli of 
this (mating is regulated by the length of the proces.s, and m ny 
be as much as in. The protection is good as long as the 
coating is intact; it is stated that wlien the forroso-ferric. oxide 
is chipped off, the ru.sting of the iron expo.sed is more rajiid than 
that of untreated iron. A metliod adapted for imparting a similar 
coating to articles of moeb'rate size con.sists in immersion of the 
polished goods in a bath of melted nitre containuig a little man¬ 
ganese oxide, and maintained at a temjierature of (>50° F. = 
313° C. After cooling, the adhering nitre is dissolved off and 
the article plunged into a sperm oil bath. In another process 
for superficially oxidising iron to form a protective coating, the 
article is immer.^cd in water and made the anode of an electric 
circuit, a film of ferroso-ferric oxide being formed. 'J’hc Coslet 
process is said to consist in immersing the iron in a hot phos- 
phorised solution containing an iron compound. H'lie surface, it 
is claimed, is converted into a ferroso-ferric phosphate, which is 
some extent resistant to corrosion. 

None of the foregoing processes is adajited for the piotection 
of structural materials when in place. For the ju’cservation of 
structures already erected paint alone is available. I'lie paint 
most generally in use for iron structures (bridges) is a red oxidd 
paint consisting essentially of Fc-.^O., (see Paints, Vol. 11.). The 
(|uality of the ferrii; oxide used for making this paint is of much 
moment, some being jierfectly unsuitable from the jiresence 
in it of basic fenic sulphate, which tends to corrode the iron 
to whiMi the paint is applied. Red lead paint apjieais to be 
the best lor iron woi'k. It should be free from metallic lead 
(often present), which is liable to cause galvanic corrosion. The 
surface of the metal should be .scraped scrupulously clean and 
free from scale, and a coat of boiled linseed oil applied before the 
painrtng ])roper is jx-rlormed. A method <vf probat-hig iron 
water ^lipes, wjiich is effective when carefully carried out, con- 
oisjs in the application of Angus Smith’s composition, •'i'he 
pipej are cleaned from scale, heated to 700° F. = 371° C., and 
dipped into a mixl^rc ot coal tar, pitch, and a little linseed oil 
(iniout 5 per cent.), and sometimes rosin, which is Imjted 
about 30ft° F. = l-iy°»C. The pipes are dipped vertically, 
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allowed to remain lor some minutes in the bath, and then per¬ 
mitted to cool and drain in a vertical position. Glass-lined iron 
pipe.s are also made for conveying corrosive liquids and gases. 
Thej' arc prepared by cementing glass tubes into iron pipes of 
slighth' larger diameter, bends and T pieces being blown on to 
the main pipe precisely as in ordinary chemical glass blowiiig. 

Antl-fouling compositions are largely used lor protecting 
the bottoms of steel ships from the growth of marine animals 
and plants upon them. The problem of preventing the growth 
of marine life on the hnll of a ship has been attacked from two 
points of view—(1) compositions have been applied which havi^ 
for their object the prevention of the adhesion of barnades 
and seaweed by affording an unstable foothold for these organ¬ 
isms. Thus a paint made of zinc oxide (white zinc) and tallow 
fulfils this condition. It is applied as a second coat after a 
preliminary coat of paint— e.rj., red or white lead. This material 
causes the growths to slip off when they have attained a. certain 
age. For vessels of high speed such a paint is useless, as it is 
rapidly washed off ; the second method has, therefore, to be 
employed. (2) Compositions containing a substance inimical 
to marine life are also in use. An example is furnished by a 
preparation containing mercuric oxide suspended in a shellac, 
varnish containing crude turpentine or Stockholm tar. 'f'he 
varnish is soft enough to be slowly eroded, and thus to expose 
the mercuric oxide, which serves to poison any organism liudiiy;; 

’ a temporary foothold. The use of a mixture of finely-divided 
zinc and mercuric oxide, made into a soft varnisli, ha,s also been 
suggested. It is claimed that this composition is effective by 
reason of the fact that when the mercuric oxide dissolves, mer¬ 
cury is deposited on the zinc, and when the zinc dissolves mercury 
is left in the varnish, and dissolves more slowlv than mercuric 
oxide. A method for protecting iron, more particularly used 
for boilers [v.i.), consists in attaching to the metal, plates of 
a substance electropositive thereto— e.rj., zinc, the procci .s being 
equivalent to local galvanising. It is obvious that this process 
is only effective when the whole of the surface to bc', protected 
is immersed as in the case of a boiler ; the attack is then con¬ 
fined to the electropositive metal—c.i/., tin' zinc. The same 
system ^has been applied to the protection of copper dye baths, 
the corrosipn of which is objectionable on account of the effect 
of fie traces of copper upon the colour of the contents of the 
vat. 

Ornamental iron good.s are often plated electrolytically witlf 
nfekeh' As nickel is electronegative to iron the coating is only 
effectiv^e as long a.s it is intact.; when injured it enhances. 
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coiTosion instead of preventing it. The same is true of plating 
with copper on iron. 

No other metal is at once so freely exposed and so corrodible 
as iron, and special methods of protection are. therefore,,rarely 
used for copper and its alloys, or for load, zino, etc. When plating 
with copper, nickel, silver, or gold is adopted, it is rather for 
ornament than for protection. 

The preservation of timber depends largely on the protection 
of the wood from moisture wliich favours the growth of the lov.^’ 
organisms concerned in its destruction. To this end the wood 
should be well ventilated, and, it is said, kept from contact with 
mortar. 'I'imber must not be used before the sap is dried out of 
it, since tliis contains ea.sily fermentable substances. 1'he sap 
can be replaced b}' a preservative— e.g.. coal-tar creosote, wood 
creosote, zinc chloride, mercuric chloride, or copper sulphate. 
Such treatment becomes necessary when the wood is to be used 
in wet situations or under water. The most direct method for 
the preservation of wood consists in applying a pump to the 
butt end of the freshly-felled tree and injecting ziiu' chloride 
solution of specitic gravity 101, the sap being driven to the 
smaller end of the tree and gradually extruded. (Tlie same 
process may bo adapted so as to colour timber ; a tree may lie 
coloured brown by the injection of weak sulphuric, acid, or maho¬ 
gany red by nitric acid.) A larger proportion of zin<' chloride 
rejanains in the butt end than in the distal end, and thus the 
preservative effect is somewhat irregular ; the chief merit of the 
process consists in the case with which timber can be treated at 
the spot where it has grown, without transport being re<|uisite. 
Zinc chloride is also used in the .same manner as creosote, the 
application of which is de.scribed below ; the solution of zinc 
chloride thus employed is known commercially as Burnett's fluid. 
Mercuri(; chloride may be substituted for zinc- chloride, its a})pli- 
cation being known as kyanising. Copper sulphate, forced into 
^ the woo?I by leading a solution of the salt from an elevated 
reservoir by means of a pipe which is inserted into the log, is 
also used, the method being known* as Boucherie’s process. 
Creosoting is most largely used for preserving timber, especially 
railway sjleepers. Coal-tar creosote (see Coal-tar, V'^ol. 11.) is 
generaitly used in this country, the grade lequised being 5 dark 
mobile lily liquid of sped lie gravity 10.35 to 1055 aud^’ontaining 
abo^t 5 to 15 per cent, of tar acids (phenol and its homologufs), 
a,od aoout-to per cent, of naphthalene. There is no agreement 
as Jo which compounds are to be considered as specifically im- 
• portant in increasing the preservative action of creosote., I'he 
more volafile portions should be reduced as Lr as possible 
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con8i'''‘.nt with obtaining an oil sufficiently fluid at all working 
temperatures to obtain a thorough and equal penetration 
throughout the wood colls. Its efficiency largely arises from 
the iict that it serves to fill the pores of the wood with 
an insoluble inert oil which prevents the entrance of water 
and the growth of organisms. Creosoting is conducted by 
introducing the well-seasoned timber into steel cyliudens 
^about 36 feet long and 6 to 7 feet in diameter. The air 
IS then exhausted fi'om the cylinder until a pressure of about 
2 lbs. per square inch remains. The creosote oil is heated 
to 50“ C. = 122” F., run into the cylinder, and forced into the 
wood by a pressure of 120 to 150 lbs. per square inch. ’The 
pressure is maintained for several hours, the timber, if pine, 
absorbing about 12 lbs. of oil per cubic foot of wood. Large 
pieces of woOd often show a core free from oil, as uniform 
impregnation is difficult. In America, where but little coal is 
carbonised and wood is cheap, wood creosote has been success¬ 
fully used for the preservation of piles exposed to the attack of 
the teredo. The character of the oil used may be gathered from 
the products said to be yielded on distillation, as shown by the 
following analysis 


Water,.‘ 2-79 

Neutral oil,.l.T lfi 

Crude creosote (wood-tar acids), . . . 17 00 

Heavy oil,.20 ;),') 

Paraffin wax.25'97 

Coke. 

Uncondensed, .... 8-75 


I (10-00 


The foregoing methods are analogous in principle to the im¬ 
pregnation of stone with preservative solutions (p. 50). Other 
methods of preserving wood consist in applying a superficial 
protective coating. It is important that this should noC be done 
until the wood is well seasoned, since if moisture be prevented ’ 
from esc.aping the wood will rot. (” Dry lot ” is due to the 
action of a fungus.) Coatings of this kind include paints and 
tar (coal or wood, the latter being more effective). Another 
method adopted for wood—which is comparable in'" pVinciple 
with the ‘Bower-Barff process, inasmuch as tb? material to be 
pfiiserved itself furnishe.s the preservative coating—consisfs in 
superficial charring. This is chiefly used for preserving posfs 
and stake.s to be inserted in moist soil. | 

Wqod is rendered flre-proof by filling its pores with a mineral, 
substance, the''process being cari'ied or.t in much the same way 
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\ as creosoting (u.s.). A large number of dift'ereut solutions are 
used for this purpose. jVIost of them contain an alkali silicate 
from which silica is often precipitated by treatment with a 
second licpiid— (‘.(j., ammonium chloride .solution. Uranium and 
tungsten salts are also used for tire-proofing. It should be said 
that in most cases the treatment oidy prevents the wood from 
breaking into (lame when heated to its ignition point, but does not 
prevent it from smouldering away (juietl)'. Many of the chemicals 
used for lire-proofing are hygroscopic, and conseijuently hastem 
the rotting of wood impregnated with them. 
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CJIAPTKR II. 

THE CHEMISTRY OF THE SOURCES OF ENERGY. 

Every form of cticrg)' on this planet can be traced to one of 
three sources. These are (1) the heat of the sun, (2) the rotation 
of the earth, (3) the internal heat of the earth. 

The first is at present by far the most important. The kinetic 
energy- pouring from the sun .ns he.nt and light can be with diffi¬ 
culty industri.nlly utilised directly, but as the ultimate source 
of waterpower is of great and increasing importance. The 
energy whicli has been derived from the sun and become potential 
in the form of fuel is readily utilised, and has been hitherto the c 
only practicable source of energy for industrial purposes. The 
second is of minor importance, being represented only by the 
energy manifested by the rise and fall of the tide ; no successful 
attempt has hitherto been made for its utilisation. That the , 
third undoubtedly c.xists as a source of energy is proved by ^he 
occurrence of volcanic phenomena-; its utilisation belongs to 
the future. 

Potential energy in the form of stored heat from the sun will, 
therefore, be chiefly considered in the ensuing pages; the other 
and minor sources of energv will be dealt wdth subsequently. 

Fuel may be defined as any substance capable of exothermic 
oxidation w ith sufficient rapidity to leave an available balance of 
energy after the leakages of energy surrounding the point of 
combustion (e.cj., radiation, convection, and conductfon) have 
been supplied. It is obvious that cwteris paribus the available 
balance will be larger the more concentrated the fuel— i.e., the 
smaller the quantity of matter it contains which, on the one 
hand, is incapable of contributing to its exothermic oxidation, 
and. On the other, augments the loss by leakage. Froift this it 
follows that for two equal weights of the same o-Nidisable caiaterial, 
tilt; fuel which contains, in addition to the oxidisable matpial, 
the smaller quantity of inert matter will tend to give a'highpr 
thermal efficiency; for the larger weight cud bulk of the more 
^mpupe fuel will lead to larger leakage by conduction, conveclion* 
and radiation.' By far the greater path of the fueli^-industrially 
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used consists of carbon ; elements whose combustion is also used 
in minor degree are hydrogen (chiefly in union with carbon, but 
also in the free state), sulphur, as native sulphur (Vol. II.), and 
as pyrites (cf. concentration of vitriol in the Glover tower, Vol. 
II.), and silicon, phosphorus, and manganese in the Bessemer 
converter (see Itu/ot Iron under Metallurgy). See Table, p. .50, 
for the chief kinds of fuel. 

A. SOLID FUEL. — COAL. —Many varieties of carbonaceous 
matter, known generically as coal, are used as fuel. Of these 
coals, considered as distinct from brown coals and lignites, the 
foregoing groups may be distinguished, according to Gruner’s 
classification which is based upon the technical use orf the 
coals. 

The different qualities which are found have no clear line of 
demarcation, between them, so that their classification, as will be 
seen from the table, is necessarily somewhat arbitrary. 

The figures tabulated above are for ideal coals, free from 
sulphur, ash, water, and nitrogen, which are constituents of all 
actual (-oals, and range from 1 to 30 per cent, for ash, 0’5 to 2 per 
cent, for sulphur, O'l to 9 per cent, for w'ater, and 0'2 to 2 pej 
cent, for nitrogen. Many coals also contain a small quantity of 
arsenic, whilst phosphorus is occasionally present. A good coal 
will not contain much more than 5 per cent, of ash, 1 per cent, of 
sulphur, 2 per cent, of water, and 1 per cent, of nitrogen. Besides 
the above ordinary varieties of coal, two kinds need sjjeciai 
mention. 'ITue anthracite is distinguished from anthracitic coals 
by containing a still higher percentage of carbon and a still 
smaller percentage of o.xygen and hydrogen. In appearance it 
is deep black, but it does not stain the fingers in the manner 
characteristic of bituminous coal. Its fra-cture is conchoidal, and 
its specific gravity may be as high as T7. It burns with a very 
short flame, and shows no tendency to sinter in the fire, but often 
decrepitates in the act of burning. Seeing that the amount of 
flame with which a given coal burns increa.ses with the. content of 
hydrogen, and that the larger the flame produced the more easil';'’ 
a coal is kindled, it follows that anthracite; is nearly flameless 
and is also difficult to ignite, a I'ircumslance militating against 
its domestic use. The second kind of coal needing special de¬ 
scription is C£f.nnel, whh^h is distinguished by a largfe oontent of 
hydrogau over and above that corresponding ,\vith the,oxygen in 
^Che ratio Jl,. : 0 (v.i.), and, therefore, available for gas production 
(see Destructive distiilalion, Vol. II.). Analyses of these two 
extremes of the whole series of coals are ijji follows ;— 
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c. 

H. 


N. 

s. 

• Ash. 

j 

Wutor. 


I>.c. 

p.i-. 

p.C. 

J).C. 

p.c. 

p.o. 

p.c. 

Swansea anthracite, 

iWoS 

3()0 

3-81 

0-29 


i 1-72 


Boghead oaiinel, 

65 3 

91 

5-4 

0-7 

6*1 

i IS ti 

4-r> 


The total amount of heat that can be prodncod by tlie com¬ 
bustion of a given weight of coal can be ascertained either by 
calculation from the composition of the coal or by direct e.xperi- 
ment. On account of incomplete knowledge of tln^ conditions in 
which the constituents of coal exist, the ralculated calorific value 
is only approximate to the truth, being 
generally considerably below' the experi¬ 
mental value. It is customary to deter-' 
mine the percentage of C, H, N, and S in 
the coat by analysis, to take 0 by differ¬ 
ence, and to calculate the calorific value 
on the basis of the facts that the complete 
combustion of 1 kilo, of carbon evolves 
8,080 Cal., while 1 kilo, of hydrogen gives 
34,400 Cal., and that the heat evolved b\' 
the combustion of the sulphur is so small 
as to be usually negligible. Further, it is 
assumed that the oxygen present is com¬ 
bined with hydrogen in the same propor¬ 
tion as it is in water, and that the amount 
of hydrogen thus combined is not available 
for the production of heat when the coal 
is burned. Thus the number of calorics 
evolved by the combustion of i kilo, of 
coal will be given by the formula 8,080 C. -f- 
0 \ 


34,400 (h - g ). 


where C, 11, and 0 re- 



ig. 4. - (Julorinielric 

iSliell.—A, Steel shell; 
IS, c.vpsule tor contain¬ 
ing the fuel; K, tube for 
admission of ox^'geu ; 
1), K, electric Icad.s. 


.present t5c respective parts by weight of 
these elements in one kilo, of eoal. 

The direct determination of the calorific 
value of the fuel may be made by burning 
a know'n weight w'itli a mixture of oxygen- 
yielding substances, or in a stream of oxygen, or in compressed 
oxygen fti a corffined space, the whole apparatus bcihg in aU 
caseSi immersed in a known w eight of water, the rise of tern- 
pvrature of which is a measure of the calorific value of the fuel. 
For^ractical reasons ^he last plan is the best. It can be carried^ 
•out in the apparatus shown jji the figure (Fig. 4). ^ This cossists 
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of a steel .shell, A, lined with white enamel, platinum, or gold, 
and having a capacity of 650 c.c.; a cover provided with a lead 
washer, screws on to the body of the shell. A weighed quantity 
of fuel—e.c/., 1 gramme—is placed in a capsule, B, and oxygen 
is auraitted from a cylinder of the compressed gas through the 
tube, K, made of nickel-iron (pp. 28 and 60), and serving as a 
screw-valve, until the pressure, as shown by a gauge, is 20 to 
25 atmospheres. The valve is then closed, the shell immersed 
in the calorimeter, and the fuel ignited by means of an electric 
current traversing a fine iron wire spiral which passes through 
the fuel and is attached to the two platinum rods, D, which 
support the capsule. The current is conveyed through the 
insulated conductor, E, which passes through the lid, the other 
electrode being attached to the shell. The rise of the tempera¬ 
ture of the water in the calorimeter during the exjjcriraent is 
noted by means of a delicate thermometer. 

The utility of a coal depends not only on its calorific, value, 
but on its character in respect of its (mntent of bituminous gas- 
yielding matter, and of the nature of the coke formed by its 
partial combustion or destructive distillation. The progress of, 
combustion of a coal in an ordinary furnace involves the destruc¬ 
tive distillation of a portion of it, whereby gases are evolved 
which determine the nature of the flame produced. Judgment 
of the properties of a given coal in this respect is based on the 
figures yielded by its proximate analysis, which is effected by 
heating a weighed quantity of the coal in a covered crucible under 
standard conditions, and estimating the fixed carbonaceous 
matter, plus the ash, as coke. (The yield of coke by different 
kinds of coal has been given in the tabular classification of coals 
—p. 59). The ash is also determined, and the difference between 
this and the coke constitutes the fixed carbonaceous matter. 

It may be broadly stated that coal is used for steam-raising, 
household fires, gas-making, and metallurgical operations. Eor 
the first of these uses a hard “ steam coal ” of a semi-anthracitic 
kind is most esteemed, as it has a high calorific value, produces' 
little ash and clinker, and does not smoke. For household fires 
a more freely burning and more bituminous coal is requisite ; one 
which cakes is economical, as the fire can be readily damped down. 
For gas-making, bituminous coals with a fair content of hydrogen 
are requisite (see Destructive distillation, Vol. II.); the quality 
of*'the coke formed is of minor importance. For metalluxgical 
use much coal is coked (see Destructive distillation), and for this 
purpose caking bituminous coal is generally preferred. Both 
flaming and anthracitic coals are used, according to the nature 
of tlie work to be done. With regi rd to the commo- impurities 
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of coal, it im}’ be said that ash should bo present to a minimuu 
extent, as the grate is blocked and impeded by the dust aiu 
clinker produced by a fuel I'ich in ash, which, moreover, l auses ; 
small wfaste of heat in being raised to a high temperattire durin; 
combustion and being removed from the grate before it has ^ivei 
up this heat. Sulphur also is objetitionable on account of th 
contamination of the surrounding air by chimney gase.s coiitainin 
the sulphur of the coal in the form of sulphurous and sulphur! 
acids. Water is objectionable, as it has to he cva])()rated, in 
volving the usele.ss expenditure of heat. Nitrogen is not of muc 
detriment in coal, as the waste of heat occasioned by raising it 
temperature is not serious (as it is always present in only sma 
proportion). In gas coals it ha.s a certain commercial value, i 
that a portion of it is recovered as ammonia (s('e Ih'Mnicth 
distillation). Attempts have, been made to recover the nitroge 
in a useful form from the coal burned in ordinary* furnaces, bn 
success ha.s only been achieved hitherto in the case of bhu 
furnaces and certain forms of producers. Coal suffers dimimitio 
of its caloritio value by exposure to air and moisture (vcathcriwj 
This alteration is due to oxidation, and is accompanied by a gai 
of weight, which in extreme cases may amount to as much : 

4 per cent. Pyritc.s, which is constantly naturally present i 
coal, also suffers oxidation to some extent, but is not as fniitfi 
a cause of spontaneous ignition as has been supposed, this phem 
menon being due to the oxidation of the less stable carlionaecoi 
coi«tituents of the coal. Such spontaneous ignition takes plai 
more readily when the coal is crushed and exposed to a wan 
atmosphere, as in the bunkers of a .steamship. The (piality i 
coal may be improved by systematic washing; the coal is tin 
graduated in-size, and, by taking advantage of the dilTerence i 
specific gravity between coal on the one hand and .shale at 
jiyrites on the other, a diminution of ash content is also eft'ecte 
the sulphur (due to the pyrites) being correspondingly reduced 
amount. The general mechanical arrangements of apparatus f 
^coal-was&ng are identical in principle wuth those used for sizii 
and concentrating ores (see Gold). 

COKE is carbonised coal containing the whole of the ash of t. 
original coal and the greater part of the carbon, but comparative 
small Mnounts of H, 0, S, and N. Two classes of coke may 
broadly distinguished. The first is that which is manufactur 
by processes of hicb the coke is the main product, amf the ot|| 
subifcances formed by the destructive distillation of the coal a 
the bye-products, it i.s inade in coke ovens for metallurgit 
consumption ; its iniRiufactime is treated of in the section dealing* 
•with destr^tive distillation|j.'!/'„ Vol. II.). The second clftss of 
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coke is that obtained as a bye-producd in carbonising coal for 
gas-making, where the main products are gas and tar. The 
advantages of coke over ordinary coal, as distinguished from 
anthracite, which is relatively expensive, are that it contains a 
larger percentage of carbon, and, therefore, takes up less space 
in the furnace ; that it does not cake, thus offering less resistance 
to the blast; that it yields a higher thermal efficiency, as it 
does not give off large quantities of hot and combustible gases ; 
and that it contains less sulphur than the coal from which it is 
‘ made. “ Oven coke ” is denser and of greater mechanical 
strength than “ gas coke,” and is, therefore, better fitted to carry 
the burden of the blast furnace (see Iron). Moreover, oven coke 
resists the oxidising action of hot CO^ better than does a coke of 
looser structure, and thus suffers less waste in the upper part of 
the blast furnace. These qualities warrant the metallurgical use 
of oven coke in spite of its greater cost; the cost has been largely 
diminished of late years by the collection of bye-products (see 
Desiruclive distillation, Vol. II.). Good dry oven coke contains 
about 90 per cent. C, 1 to 2 per cent. H, 1 to 2 per cent. 0, 1 per 
cent. S, 1 per cent. N, and 5 per cent, of ash; it has a calorific 
value of about 8,000 Cal.; it generally contains 2 to 3 per cent, 
of moisture, but this amount is exceeded when it has been care¬ 
lessly quenched after coking. Seeing that the yield of coke is 
about 66 per cent, of the weight of the coal carbonised, the 
percentage of ash will be increased in inverse ratio. Thus a coal 
containing 6 per cent, of ash will yield a coke with 7 5 per ccit. 
For blast furnace use, the amount of ash should not exceed 5 per 
cent., and for metallurgical use generally the percentage of 
sulphur should be as low as possible—1 per cent, or under. Not 
only is ash in coke objectionable as being valueless, but it is 
actively injurious in some instances on account of its chemical 
nature. The ash of most coals, and, therefore, that of the corre¬ 
sponding cokes, consists largely of silica, alumina, and ferric 
oxide—all substances capable of acting as acid oxides when 
brought into contact with powerful bases (e.g., lime) at high^ 
temperatures; consequently, wherever the manufacture of a 
substance such as quictlime or hydraulic cement involves the 
admixture of the fuel with the raw material to be burned, there 
is ample opportunity for the ash of the former to combine with 
the latter, to ite detriment (see IJme and Cement, Vol. II.). As 
«,nch gas coke contains a large amount (up to' 30 per bent.) of 
ash, its chief manufacturing uses—in cement-making and^i^ gas 
producers—is attended by considerable drawbacks ; its cheapness 
►•is its main recommendation. Amopg the Smaller uses to w|,uoh 
coke'is put are the heating of metau and tools, and pf articles to*’ 
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be brazed, where the comparatively dirty flame of coal would be 
unsuitable. As coke still contains some sulphur, however, gas. 
wood or charcoal is preferable for the foregoing purposes. Thus, 
in tempering machine guns, w'ood is used as fuel on account of 
its freedom from sulphur. The specific gravity of coke is ^om 
1‘2 to 1'9, rising with increased percentage of ash, but the texture 
of the fuel is so porous that this datum is but little guide to the 
space which the coke occupies in the furnace. In any case, 
ample room must be provided for its adequate combustion. 
Apart from the determination of ash and sulphur, the valuation 
of coke can be made by testing it by the calorimeter in the 
manner described for coal, and then its suitability must be 
judged by its texture and mechanical strength, according to the 
use to w’liich it is to bo put. Coke, on account of its comparative 
freedom from sulphur, its smokelcssness, and the fact that in 
burning it neither fuses nor cakes, is used in plaue of coal for 
purposes in w'hich anv or all of these properties are de.sirable, in 
spite of its greater cost per heat u)ut. 

BEOWN COALS AND PEAT.—According to the age of 
the geological formation in which coal occurs, the character of the 
products of distillation of the coal varic.s. The older coals have 
been so far altered that the original grouping of the elements in 
the parent vegetabh* matter, which gives rise to acid [)roduct8 of 
distillation (see Destructive dhtillation —wood and peat, Vol. II.), 
has been modified, with the result that the products of distillation 
arc ^kalinc from the presence of ammonia and other nitrogenous 
bases. Coals belonging to a later period have been less altered 
from the original composition of the woody matter from which 
they have been derived, and, like wood, yield a distillate con¬ 
taining acetiq acid. Three classes of these later coals (brown 
coals) raa>' be distinguished;—(1) Brown coal, with lustrous 
conchoidal fracture, Is the oldest and most nearly related to 
ordinary bituminous coal. Handsome specimens of this sub¬ 
stance are used for ornament as jet. A typical composition of 
the coal, free from ash, is about 76 per cent. C, 5 per cent. H, 
^nd 20 per cent. 0, small quantities of nitrogen and sulphur 
being, as usual, present. (2) Earthy brown coal, of earthy 
fracture, as its name implies, containing in the ash-free coal 
71‘72 per cent. C!, 5'7f) per cent. H, and 22'60 per cent. 0 ; it is 
usually fich in ash and water. (3) Ligneous brown coal (Ivjnite)* 
of fibrous fracture, showing a definite woody structure ;fnd con- 
taini]^ 69 per cent. C, 6 per cent. H, 20 per cent, of 0 and N, anfl* 
'' ♦ 

* 

* femo writers in this Of untry misuse the word “ lignite ’ to include ail 
hrowl! coals. ' 


5 
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6 per cent, of ash. Brown coal, which is mined on ^ large scale 
in Austria and Germany, has a very variable calorific value on 
account of its fluctuating content of water and ash; 4,000 to 
6,000 Cal. may be taken as ordinary limits. It burns with a 
consicjerable amount of flame, and is best used (especially the 
earthy variety) on step-crates —that is, grates with firebars 
arranged in a terraced form, as shown in the figure, which illus¬ 
trates the system adapted to a kiln, a represents the masom'v 
of the kiln. The steps of the grate are shown at c c. The ash 
falls on to the bottom of the furnace, d, whence it is removed, 
and the fuel is continuously fed so as to slide down the sloping 
set of firebars between which the air for its combustion enters. 



/).—Kiln with st^^p grates. 


The most recent formation of a coal-like fuel is that cxemphficd 
by the peat bogs of Ireland and other countries. The change 
from fresh vegetable matter is not far advanced; the original' 
material in this case is for the most part moss. The composition 
of Irish peat (free from water and ash) is about 60 per cent. C. 
6 per cent. H, 31 per cent. 0, and from 1 to 2 per cent. N. The 
ash varies from 5 to 15 per cent, of the dried material, but is 
occasionally much higher; speaking generally, it should not exceed 
W per cent. Air-dried peat contains from 8 to 20 per cei^. of 
water, and the freshly cut material contains up to 80 or 90 ppr 
cent, of its weight of water. When air-dried its calorific value is 
'“from 3,000 to 5,000 Cal. The apjkrent specific gravity of peatc 
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• varies from. 0 3 to 1'2, the real specilie jiravity being ahvnys 
greater than 1. 

The volatile organic matter is usually between 50 and 70 per 
cent., and the fixed earbon from 10 to '25 per cent., calculated on 
the air-dried material containing 15 per cent, of water, feat 
which has been pulverised and formed into blocks for use os fuel 
is termed " manufactured peat.” During reeimt years the 
industry’ has been j>laced on a more inbdligcnt basis, and the 
cheapness of its production on a large scale enables it in many 
localities to compete even with coal. Innumerable systems, 
eliffering mainly in their mechanical details, have been devised 
for klie manufacture of these peat bri(|uottes. The method is 
almost entirely automatic. .4)1 excavating elevator drops the 
raw tnaterial into a machiiU!, in which it is disintegrated and 
kneaded into a plastic mass, which is cut up into piecca of a suit¬ 
able sir.!', pressed, and the slabs conveyed away* to be dried, 
usually by air. Such a ])rocess costs from 3s. to (is. per ton, 
according to local conditions. The air-dried slabs weigh from 
40 to 60 lbs, per cubic foot (approximately the same as ordinary 
coal). An im])roved process for converting peat into fuel has 
' * been introduced during recent years. Its chief novelty lies in 
the method of expelling water from the raw material. This 
is done in a (entrifugal machine, and a current of electricity is 
also made to pass through the peat. The current has a breaking 

• up effect on the cells of the fibre, and allows a more free and perfect 
escape of the contained water. Such “ electro-peat-coal ” is hard, 
dense (75 lbs. per cubic foot), and comparatively smokeless.* 
Other methods have been tried in which the peat is treated with 
chemicals such as sodium carbonate and lime, so as to enable 
the moisture- to be afterwards freed by iiressure. These “ chemi¬ 
cal ” methods, however, have not i)roved very successful com¬ 
mercially. Deat can be converted into coke in a manner similar 
to w’ood— i.c., in heaps, kilns, and retorts. Modern processes, 
such as t||>at of Ziegler, based on the simple dry distillation of 

M^^he air-dried material are thoroughly’ commercial and satis¬ 
factory, and provide for the employment of the waste non- 
condgnsable gases and the saving of valuable bye-products. 
Peat coke is made and used in considerable quantity in (jermany, 
Sweden,, and other parts of the Continent, as well as in the West 
of England. It has a calorific value of about *6,000 ^calories, 
contains nearly 90 per cent, of combustible matter, and can hr 
, obtaAo^l sufficiently dense for metallurgical purposes. Its cost 

^ According to a report^by ttr. }i)tigenc Haanel, however, the product ir 
hygrftcopic, and has a tendency lo crumble to powder. The process is, 
•therefore, of doubtful utility. * 
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is from IBs. to I 63 . per ton, compared with 44s. for coke in the 
same place. The bye-products obtained in the destructive 
distillation of peat include ( 1 ) tar, from which is obtained oils, 
paraffin, and creosote; ( 2 ) watery liquids, such as acetic acid, 
amnfonia, and naphtha; (3) gases for illuminating and heating 
purposes. The question of the utilisation of peat for gas-maldng 
and the production of cheap power is now being actively pursued. 
It has been proved that peat containing as much as 60 per cent, 
water can be used in special gas-producers, and a ga.s obtained 
which is suitable in every way for use in gas engines. Great 
rehance is placed on the value of the bye-products. About 
80 per cent, of the nitrogen in the peat can be recovered as 
ammonium sulphate, at an estimated cost of £6 or £7 per ton. 
Experiments by Messrs. Crossley show that an output of 700 Board 
of Trade units can be obtained from 1 ton dry peat (= 10 tons 
wet peat) at a" fuel cost of 0‘05d. per unit, without crediting the 
profit on the bye-products. 

An average analysis of dry producer gas from peat has been 
given as follows :— 


CO, 

. - I2U 

CHj. 

. := 2-8 

H, . 

. ^ 24'(JI 

co.„ 

. - J8-0 

N, . 

. -- «-2 


100-0 


Peat producer gas has been u.sed in the Swedish steel industry 
for a number of years, and is preferred to coal gas because of 
its low sulphur content. 

In view of the anxiety which has been felt with regard to the 
supply of petrol for motive power (see p. 74), it is interesting to 
notice that a process has been worked out for the production of 
alcohol from peat involving its hydrolysis by dilute acids and 
fermentation with yeast. Useful bye-products arc alsq^obtained 
in the process, such as ammonium sulphate, creosote, and tar (see^ 
Sir W. Ramsay’s Report in the Aiilomotor Journal, July, 1907). 

There are many uses for peat other than as fuel, but the dis¬ 
cussion of them is beyond the scope of this book. They include 
the production of ammonia by moist oxidation (Woltereck pro¬ 
cess), the manufacture of nitrates, paper, wood, moss lijiter, and 
Jpdder (see Commercial Peat, by P. T. Gissing. London, 1909). 

Briquettes. —Small dusty fuel, obtained as a bye-prdduct 
in winning and sifting coal, can only be burnt in special forms 6 f 
furnace— e.g., those provided with »ontinucftis mechanical stoking 
apparatus, or, with step grates (a.s?—unless previously moulded' 
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into blocks or brifiuettcs which constitute so-called patent fuel. 
The fine stuff is washed and sifted, mixed with about 0 per 
cent, of pitch, tar, glutin or treacle, and moulded into bricks 
under a pressure of 5 to 10 tons per stiuare inch. Browtveoal 
has usually to be dried before it can be moulded, and can then 
be shaped without the addition of cementing matter, as the 
resinous substances which it contains are siiHiciently cohe.sive 
at the temperature employed (75'' t'. = 107'’ F.). 

Bricpiettes made with pitch soften at comparatively moderate 
temperatiire.s, while those cemented with soluble binding materials 
are disintegrated by wet. An ideal binding material ha.s still 
to be found. ImjjroN'cmeuts in mechanical stoking ha.ve recently 
permitted the use of Tiiuch small fuel which was formerly prac¬ 
tically a waste ju’oduct. 

WOOD AND CHARCOAL.- In this ( ountav wood is too 
scarce to find application as fuel, but it is largely burnt in lands 
still containing much forest. Wood fret' from water contains 
50 per cent. (> per cent. H, 12 per cent. 0, il-J per cent. N, 
and 1 per cent. ash. Air-dried wood eont.iius 15 to 20 per cent, 
of water ; the content of water in freshly cut w ood is from 20 to 
50 per cent. Wood is not capable of giving a very high tempera¬ 
ture when burnt, but it kindles more easily than coal, and burns 
dth more flame. It lias a calorific value (in the air-dried state) 
if about .3,(KK) Cal. Just as coal may be advantageously con- 
veifsJd into coke, producing a non-flaming fuel, so can wood 
be carbonised to produce charcoal (see Dedructive distillation, 
V’ol. II.). The progressive change of wood to charcoal as the 
temperature, of (.arbonisation increases is shown by the table 
below for the jiroduction of charcoal from black alder. 
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Brown charcoal, a.s#iniglit t/b expected, is more easily kindled 
, than black charcoal. It is f only used for the preparation ol' 
certain otelkes of gunpov^dcj,’. Black charcoal int^ea.ses in diffi- 
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culty of ignitiou as the temperature at whic^li it has been 
carbonised rises. Good black charcoal has a calorific value of 
about 8,000 Cal. Its utility depends on its smokelessness and its 
frei^fjom from smell and sulphur, on account of which properties it 
is used (on the Continent) for domestic heating, and in this country 
for fine metal work, stoving hops, and similar minor purposes. 

B. LIQUID FUEL—I. For Steam-raising. —Liquid fuel is of 
minor importance in this country, as its price prevents its succes.s- 
ful competition with coal for any but special purposes. It may 
be stated generally that liquid fuel has the advantage of being 
less bulky than coal for a given calorific value, of being free Jrom 
ash, and of being more completely under control while burning, 
thus facilitating regulation of the fire, and, when used under a 
boiler, of the steam pressure. No stoking in the ordinary sense 
is requisite w,Hh liquid fuel, and, therefore, opening of fire doors 



and admission of cold air are avoided. The only succe.ssful 
methods of burning liquid fuel comprise the two plans—(1) 
feeding by natural flow down an inclined gutter ; this is adapted 
for viscous liquids, such as tar ; (2) injecting by an ait or steam^ 
jet in the form of a spray. A “ spray maker ” of good design i “ 
the Korting injector, shown in Fig. 0. The oil is heated to 
130° C. = 266° F., and forced into the injector under a pressure 
of 50 lbs. per square inch. The oil flows into a chamber leading 
to the jet, in w,hich chamber is placed a spindle carrying’'a spiral 
screw. 'The oil is forced down this spiral, and acquires'a centri- 
^tigal motion which sprays it out of the jet in a finely-dij,ided 
condition. In the Orde system, the oil flows through a ‘settliij.g 
tank, in which water and other impurities, separate, and is ^hen 
passed to the burner under a prelsure of 60 lbs. to the square* 
inch. On its"way it is heated by\th? waste heat ‘hi the burnt 
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gases, and on emerging from the inner tiilie of the burner, at a 
temperature only just below its boiling point, the oil is met by 
a jet of air and steam-heated to Slfi" C. = F. or more, and 
wholly converted into vapour. For marine purposes, the report, 
to U,S. Nav.il Liquid Fuel Board of lOOt recommended that 
only those burners should be used which arc capable of vaporising 
the oil without the aid of steam or compressed air. In this 
country, tar and creosote oil (dead oil: see Cml Tar, Vol, JI,) 
are used to a small extent, as well as astatki imported from 
Ru.ssia, and heavy American oils. As far as Russia is concerned 
the^petroleum still residue, astatki (see Pelrolmm, Vol. II.) is 
employed. The ultimate composition of the materials used as 
liquid fuels is similar for all kinds. Thus, taking the combustible 
constituents, tar contains about 85 per cent. C and 5 per cent. H ; 
creosote oil 83 per cent. 0 and 10 per cent. 11; .a.statki 8.5 per 
cent. C and 10 per cent. H. Astatki and similar petroleum 
products have a calorific value of about ll,(XXJ Cal., as compared 
with 8,0(X) to 9,(X)0 for good steam coal; the other liquid fuels 
give slightly lower values. It will.be seen that astatki is the best 
liquid fuel, but it cannot be remuneratively imported into this 
country. Once-run Russian petroleum (q.v.) is imported for 
gas-making, but can barely compete with creosote oil. Crude 
petroleum is not imported for u.se as liquid fuel, both on account 
of the, danger of transporting and handling a material containing 
conLlituents of low flashing point, and also because it is more 
profitably distilled fractionally to obtain lighting and lubricating 
jiroducts. Of definite products of fractionation, nonf but the 
residue is cheap enough for use as fuel. Astatki, freed only from 
about 30 por cent, of the more volatile constituents, is now the 
chief product obtained from Russian petroleum. Similar con¬ 
ditions prevail in California and Texas. In the injec tion proi-ess 
for burning liquid fuel, mentioned above, the function of the ji‘t 
of steanij when this is used, is purely to “ atomise ” the oil, for 
it obviously cannot be supposed, as has been ignorantly stated, 
that the steam contributes to the heating effect of the fuel. Anv 
heat from the combustion of hydrogen‘with oxygen which may 
be obtained by the dissociation of the .steam, is exactly counter¬ 
balanced by the absorption of heat previously needed to effect 
the dissociation. • 

Whe?e. compactness in storage is important—c.c/., *on boan^ 
shi^ of war—the small bulk of liquid fuel presents a notable 
"Advantage. One ton of li(|uid fuel occupies about three-quarters, 
the* volume occupied* by a Ipn of coal, and as its heating efii 
ciency is ope and a-haif tinges that of an equal freight of* coal 
it followTdihat the liquief b^'el requisite for a given horse-^pwe: 
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takes Hp about one-half the space required by coal for the same 
output. All the Iar}!c!r vc'ssels of the IJritish Navy are now 
fitted to burn liquid fucd as well as coal, whilst some of the later 
desVfoyers burn li(|uid fuel exclusively, in combination with 
water-tube boilers and turbine engines. Russia, has for some 
time used astatki in her warshijis, and the U.S. are about to 
c'mploy liquid fuel in destroyers. A disad\'untuge ajtjcears to 
be that with the limited furnace sj)ace available! in marine boilers, 
dense smoke may be emitted under forced-draught conditions 
when liquid fuel is used. Attempts have b(!on made to i)repare 
liquid fuel in a form callable of use in an ordinary furnace. ,'l\vo 
methods of “ solidifying ” petroleum have been devised for this 
purpose. The finst depends on the fact that when soap is added 
to an unsaponifiable oil, such as petroleum, the whole mass be¬ 
comes gelatinous, not from any chemical action on the petroleum, 
but simply from the property of soap of forming an apparently 
homogeneous jelly with many liquids, water being a case in 
point. The jellies of the greatest consistency are made by 
forming the soap in situ by adding a saponifiable oil or a fatty 
acid to the petroleum and then the requisite amount of alkali. 
The jellies made by the aid of castor oil and coco-nut oil are 
particularly firm and coherent. The second plan for solidifying 
petroleum consists in absorbing the liejuid by a poroirs material 
in the manner in which nitroglycerin is solidifieci by absorption 
in kieselguhr (see Explosive.", Vol. II.). Since siliceous matlfcr of 
this kind would remain on combustion as ash, some combustible 
material,, such as cheap vegetable fibre— e.fj., peat—is to be 
preferred. Solidification by means of a material of this nature 
may be aided by the addition of soap. Products of both types 
are liable to ooze in the furnace before igniting thoroughly, and 
their stability when stored in hot places is also doubtful. The 
fact that Russian petroleum contains naphthenes, which are 
capable of o.xidation to acid products by air in the presence of 
sulphuric acid, makes it possible that should a demand arise for, 
solidified petroleum it may be prepared by saponifying such acid 
substances in situ. (The production of soap from acid oxidised 
products of petroleum has, however, not yet been accomplished 
on a commercial scale.) The adoption of “ solidified " liquid fuel 
on a considerable scale is improbable, as by the solidification the 
advantages obtained by the use of liquid fuel are sacrificed, and a 
<ljrect comparison with coal becomes even more favourable td the 
latter. , *' 

, II. For Internal-combustion En&nes.— Of greater importance, 
80 fax as this pountry is concerned, fthan its use undqr^the boilers 
of steam engines, is the applicatior df petroleum to'fhe direct 

‘ ' V 
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provision of energy for conxersion into mechnnit al power by 
explosive combustion in the (ylinder of an oil engine For this 
purpose, fiirol is largely used. Petrol is a. low boiling fraction 
of petroleum, of .specific gravity 0'70 to O’l-f, with a. ealfyifie 
value of about 1],2(X) Cal., or i’O.lbO IIT.U. It volatili.ses so 
readily at the ordinary temperature that its vapour can be mi.ved 
with air in an apparatus teimed a ‘‘ eartmrettor.” and introduced 
in this manner into the e.xplosion cylinder. The proportion of 
petrol vapour taken up by the air may vary between faii’ly wide 
limits, from about I'l to 5'3 per cent. The thermal efheiem y— 
i.c., the heat converted into useful work—is cominonlv about 
18 p’er cent., but under favourabh^ conditions and With large 
■engines may be as high as I'.b jier cent. 

The portability of petroleum, as compared with compressed ga,s 
even of the richest kind (oil gas), and the pructicaidlity of 
directly utilising its energy for the imoduction of mechanical 
power, are valuable properties which are taken advantage of in 
the ease of launch (mginos, and in isolated places wIh'IS' imwer is 
wanted without the risk attendant on trusting a boiler to un- 
I .skilled hands, and where gas is not available. 'I'he most imixirtant 
use of petrol engines is for the jiropulsiou of vehicles on lami, 
but such engines are also largely used on jdeasure boats. Sub¬ 
marines are worked entirely by jietrol, directly when on the 
•surface, and iiulirectly when submerged, through electrical 
emeryif previously generated by the petrol engine, and stored up 
in .accumulators. The motors of tlying-macbine.s, both of th(> 
dirigible balloon and aeroplane type, .are driven by jietrol. 'I’lm 
< ompressed air used in driving torpedoes is heated (t.c., energy 
i.s imparted to it) by the combustion of jtetrol (c/. j). 71t). With 
regard to the chemical aspect of this utilisation of li(|uid fuel, it 
may be said that labrol should be a fairly homogeneous fraction 
of petroleum— i.c.. it should distil within narrow limits in order 
that the rate of volatilisation may be uniform, and that no resi¬ 
due of heSvy diHicultly volatilised oil may be left in the vcs.sel 
*in which the air is " earburetted ” befoir; e.xplosion. Similarly, 
kerosene should be free from acid (due fO careless refining), and 
from heavy fractions tending to condense and carbonise at the, 
moment of explosion. It may be added that the variable char¬ 
acter of commercial oils renders it desirable that.they should be 
eystemafically examined ,o ascertain whether they con^)ly with 
the lirait.s specified. 

>In c3ses where gas is not available, and solid fuel is incon¬ 
venient, petroleum fbotb psolene and kerosene) is used 
tdirectly for heating either '.is earburetted air Jseo also* Oil 
uir-rjas, p!'(.5), or burnt ^rem a wiek ; port.ible experimental 
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and iissay furnaces have been constructed to use liquid fuel in 
this manner. 

The increasing demand for petrol for motor use led to a marked 
in(«‘easo in price, and to anxiety regarding a possible “ petrol 
famine.” A good deal of this increase of price was, however, 
artificial, and has abated under competitive conditions. But as 
petrol constitutes only about .5 per cent, of total crude petroleum, 
and must be looked upon as a bye-product, the production of 
which is regulated by the demand for the other fractions, a 
constant low price is not to be expected. These considerations 
have led to a search for other liquid fuels capable of use in internal 
combustion engines. Three such liquid fuels have been proposed, 
paraffin, benzene (benzol), and alcohol. All three, being less 
volatile than petrol, present difficulties in starting ; when the 
engine is once running, the exhaust gases may be utihsed to 
warm the carburettor. 

For paraffin, carburettors are generally used in which the 
liquid is “ atomised,” and the sprayed liquid mixed with the air 
with which it is to be exploded. The range of composition over 
which the mixture remains explosive is less with paraffin than' 
with petrol; hence a mechanical and accurately measured feed is 
inevitable, and the load cannot be varied easily. The specific 
gravitv of paraffin is about 0‘80 to 0'85, and its calorific value 
10,990 Cal., or 19,782 B.T.U. 

The production of benzene is strictly dependent on that»«f the 
coal-tar from which it is derived (sec Vol. IL), and benzene is 
even more definitely a bye-product than petrol itself. Its 
calorific value is lower than that of petrol, being 10,050 Cal., 
or 18,090 B.T.U. Its specific gravity is 0’88r). Good re.sults 
have been obtained when using benzene mixed with petrol or 
alcohol, but .so far it has not been used in practice by itself. 

Alcohol is used to a considerable extent on the Continent, 
especially for agricultural motors. Its use is cm'ouraged by 
several foreign Governments, since alcohol is produced from bci;^, 
or potatoes, and thus constitutes a home-grown product, as 
distinct from imported petroleum. The calorifii’ value of alcohol 
is low% 7,000 Cal. for pure eth)'l alcohol, 6,300 Cal. for methyl 
alcohol, and about 5,500 Cal. for the denatured 80 per cent, 
alcohol largelxi used. The thermal efficiency, on the other hand, 
is high,*' being about 30 to 35 per (-ent. It is stated'That with 
alcohol engines a more uniform pressure is obtained thai with 
petrol engines. The difficulty pf first starting the engine haa 
been more or less overcome by^he usc*of special devicea, and 
tha calorific,power has occasioniilly been increased by adding 
benzene (I'.-s'.). < * 
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Oil-air Gas. —This «.as has retontly hcon used for liulitiiis and 
heating eountiv liouses in isolated places, etc. It consists simply 
of air mixed with a small proportion of petrol vapoiii’. In order 
to effect the mi.xtnre, a fan driven by a small hot-air enghie, 
worked by a part of the gas produced, blows air ovi'r the sumice 
of petrol contained in a carburettor. 'I’lie petrol is warmed by 
the water from the cooling jacket of the hot-air engine. Tin* 
air takes up petrol vapour, and pa.s.scs to a small mixing chamber, 
into which the fan blows a further quantity of air. so .as to reduce 
the percentage of petrol vapour in the mixture (o about I'b per 
cent. The gas is stored for use in a small gasholder, the rise or 
fall iff which governs the relation between tin* cpiaiilitv of air 
sent into tlie carburettor and that forced directiv into the mixing 
chamber. Tine gas obtained must l)e burnt from special burnei-s 
containing a. number of wire-gauges to ensure ])erfect mixing ; 
the gas will not ignite if allowed to issue from a hole in the jcipcc 
or from an ordinary burner. 

GASEOUS FUELS. —With the exception of natural ga.s 
(q.v.) all gaseous fuel is prepared artilicially. and its prei)a)ation 
> involves the consumption of rather more energy than ajipcairs in 
the product in an available form, since the usual inc'vilable lo.ss 
attending the c(/nvci>iou of energy must occur. 'I’luis coal can 
be either burnt as solid fuel, or completely gasified and then 
.burnt. Taking into account the energy necessary for th<* 
gaaifi-^lon. the gasitied coal must contain less total energy than 
the coal when solid, and no gain of energy can po.ssibly take 
place. Xeverthele.ss. it often happens that the advantages of 
ga.seou.s fuel outweigh commercially the lo.ss of energy involved 
in it.s formation, and tin* efiiciency actually obtained with gaseous 
fuel may be greater than if the corresponding quantity of solid 
fuel had been burnt directly. The main advantages of g,'is<'oua 
fuel of all kinds will be evident from the followim; con¬ 
siderations :— 

^ 1. (:iases*ca.n be readily, rapidly, and [jcrfectlv mixed, and thus 

“the qinintity of air exactly adjustoil to that of the gas to be 
burnt, whereas solid fuel, burning e.xcltisiydy at its surface, 
needs e.\ces.s of air in order that its combustion may be complete, 
and the formation and final e.scape of imperfectly oxidised pro- 
duet.s— c.^.. CO—avoided. Were it possible to a|low the air to 
remain i# contact with th ■ burning solid fuel until the reaction 
betwQfn them bci-ame complete, no excess of air bevond tht 
• c^cadatfd amount would be rccpiisite. but under practical condi- 
tion.s^ the necessary f*)journ ,xould be unduly lengthy, apd 
incompatible with the conditions necessarv' for con^nitous com¬ 
bustion. I.*, ‘gaseous firing# therefore, the restriction of the air 
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sup))ly to a siiiiill (‘xccs.-i over llie calculated (juantity diminishes 
the weiglit of the iiiial Hue fiases, as compared with those jiiven 
by solid find, and conse(|Ucntly. for a j'iven teTn])era.turc of (“scape, 
d(;['rea.ses the quantity of heal whicli they carry away. 

'J. Kiring with gaseous fuel can be rf’gulaled with the same 
ease as that already mentioned as characteristic of liquid fuels, 
and in addition can be list'd with exttess or defect of air as may 
be desired, to yield an oxidising or a reducing atmosphere. 

Freedom from ash and soot, a matter of importance for 
many industries, is secured by gaseous firing. 

■t. Gaseous fuel adapts itself readily to the use of regenerative 
heating, and thus leniis itself to the production of high tem¬ 
peratures. 

5. Small fuel, containing much ash, and bulky fuel— e.ij., peat 
—are more ^readily dealt with by preliminary gasification than 
by direct burning. 

6 . Gaseous fuel is a very convenient source of power when 
burnt in the gas engine, anti thus provides an alternative to the 
use of the steam engine with its very low' efficiency. 

Gaseous fuel can be produced from solid fuel by processe.sr* 
which may be divided into tw'o classes— (a) destructive distilla¬ 
tion involving the formation of a fixed carbonaceous residue, and 
(b) complete gasification with the removal of the whole of the fuel 
(with the exception of the fixed mineral constituents) as gase.s. 

COAL GAS, w'hioh is the only gas made by desfe'uctive 
distillation, and distributed on a large scale, is not xJriraarily jire- 
pared for heating and as a .source, of ^Jower, but it is nevertheless 
used as a domestic fuel and for supplying moderate quantities of 
mechanical energy by means of the gas engine a.s intermediary. 
Its production and composition are described in the section on 
Destrmiive dislUlation, Vol. II. 

For the production of heat as a warming and cooking agent 
it is burnt in two distinct ways—(1) from jets or slits giving a 
luminous flame (with or without a chimney), and (2) from burners 
of the bunsen or “ atmospheric ” type, in which it is mixed wiut 
air at a point anterior to that at wdiich it is burnt. The total 
calorific effect is constant, however the gas is burnt, provided its 
combustion be complete. Choice betw’ecn the methods turns on 
their convenience under given conditions. For rapid heating in 
contact with the flame— e.g., boiling-—the non-luminous flamii is 
’necessary, as it does not deposit soot on the vessel heated which 
W’ould form a non-conducting layer. Soot thus deposited glsc 
obvioush' means the loss of fuea,, IVheiVi heating by radiation is 
contempiated, the gas may be'burnt with a luminous flame, 
preferably with the aid of a chimney, as in an argand burner (the 
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total radiant *lieat being then about 12 ])ei- cent, of the total 
chemical energy of the gas). In such cases the products of com¬ 
bustion are only as deleterious as those of ordinary unprotected 
gas jets used for lighting purpo.ses, and a Hue may sometimes be 
dispensed with in a well-ventilated room. For burners of tnis 
type used for heating rooms, an arrangement to condense the 
water produced by the ('ombustion of the gas is sometimes ]>ro- 
vided, and undue moistening of the air of the room thus avoided, 
but the CO.j and other gaseous products of course escape. Heat¬ 
ing by radiation may also be effected by the use of a. non-luminous 
flame caused to heat a refractory material—c.;/., iron, platinum. 

. asbesto.s, or fireclav—to incandescence. 'W'ith such stoves a flue 
should always be u.sed, as at the cooler part.s of'tlic material to 
be heated, combustion is chocked by contact of the flame with a 
•solid body, anil the u.sual products of cheiked combustion— 
among which are acetylene and carbon monoxicli'. gase.s of 
markedly toxic properties—arc formed. Evideiue of such 
checked combustion is given by tlie sense of smell in the air of a 
room in which a kettle of water i.s being heated over a common 
^burner of the bunsen type. Even when coal gas i.s burnt from 
the best form of heating or lighting burners which have no device 
to cam’ off thei prodiuits of combustion, the air of the room i.s 
liable to serious contamination. 'I'hus each cubic foot of ordinary 
coal gas yi^s about 1 ounce of water and (J'ST cubic foot of CO... 
*Ab 'a cj^nnion flat-flame burner consumes about 5 cubic, feet ])ei- 
hour, the (luantity of the main products of combustion becomes 
considerable in a well-lighted room. The amount of SO,, pro¬ 
duced per 100 cubic feet of gas burnt is about 10 grains, fl’lie 
effect of these products of complete combustion i.s enhanced by 
that of uno.xidised or imperfectly oxidised ]Hoducts, hydrocarbon,s 
and t'U, which invariably appear in small amount. The per¬ 
centage of CUj in normal air is 0'03-per cent., and the approxi¬ 
mation to normal condition of the air of a given room is generally 
gauged by ks contents of Ct),^. This should not be above OT per 
-vent., but is frequentlj' exceeded when much gas is burnt. It 
is doubtful whether it has any toxic, eft'set, being merely non¬ 
supporting of life. Far bon monoxide, on the other hand, is 
distinctly poisonous, but the question of its presence in coal gas 
• becomes of importance only when an escape of unburnt gas (which 
contains ^out 6 per cent, of CO) has occurred (see Waiengas). 
The calorific value of coal gas averages 170 Cal. per cubic foo? 

British thermal units.* The chemical energy of coal gas 
can be directly convert^ into jliechanical work by means of the 
|as eflgine. In this machine a mixture of gas and air ft vol^e 
* This repwisrtits about onc-fijjh of the calorific value of the parent coal. 
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gas with 9 to 11 volumes air) is exploded behind a piston, 
and the longitudinal motion thus imparted to the piston con¬ 
verted into circular motion as in a steam engine. The use of a 
sudden and violent impulse, such as is implied in the word 
“ explosion,” does not on a jyriori grounds recommend itself as 
an economical method of obtaining power, but it must be under- 
■stood that the explosion is of a more gradual kind, on account of 
the dilution of the charge and the rapid enlargement of the 
chamber in which it takes plac.e (due to the advance of the 
pi.ston) than that characteristic of a .shattering explosion pro¬ 
duced by a blaisting explosive. There is a difference in degree, 
but not in kind, between the ignition of a gas engine charge and 
that of a rifle or piece of artillery, the propulsive effect in some 
of the larger guns partaking of the nature rather of a steady, 
though extremely vehement, push than of a violent shock. 
Another cause for the gradual character of the impulse in a gas 
engine, is the prevention of instantaneous and complete explosion 
of the mixed gases in its cylinder by the raising of their tempera¬ 
ture, owing to an explo.sion of part of them, to the temperature 
of dissociation of their products of explosion, inhibiting further 
combination. As the piston moves the gases expand, doing 
work, and their temperature falls, allowing fresh combination 
of unused portions, until the dissociation temperature is again 
reached, f'he process of explosion is, therefore, auipmatically 
controlled, continuous and steady, and the power i»>^xerted 
fairly uniformly during the stroke. 

The gas engine, though more efficient than the steam engine, 
still leaves a good deal to be desired. The average output of 
mechanical work corresponds with 20 to 25 per cent, of the 
■energy present in the coal gas. This low result is largely caused 
by the necessity for cooling the working cylinder (by means of a 
water-jacket). The necessity arises from the difficulty of finding 
a lubricant which will both retain a fair degree of viscosity (see 
Lubricants) and not suffer decomposition at high temperatures. 
Another reason for cooling the cylinder is the decreasing strengtl** 
of structural materials (metals notably) with rise of temperature. 
A third reason for cooling lies in the danger of pre-ignition during 
the compression stroke, especially when gases rich in hydrogen 
(water-gas, coal-gas) are used. It is obvious that a large fraction 
of the .energy of the exploded gas goes to warm watf^: instead 
of performing mechanical work. Combustion in a gas engine is 
usually nearly complete,* but an exhaust into the ope,u air i^, 

* Combustion in an oil engine is ar o nearly< complete, but a good deal 
of waste is often occasioned by imperfect spraying, oil being ejected in 
drops with the exhaust. . 
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■of course, as. necessary as with a gas stove. The economical 
consumption of coal gas in a ga.s engine is seldom of groat import¬ 
ance, as for larger powers, where, tht; cost of energy. a))art from 
other charges, becomes a tangible item, coal gas is not used, 
producer gas (q.v.) feeing substituted for it. ^ 

There is another use of I'oal gas as a source of energy which 
requires comment—viz., the supplementing of the cflect of com¬ 
pressed air, supplied from central stations as a motive power in 
a few cities. The air before entering the motor is heated by a. 
gas burner, and thus the energy reprt'sented by the motion of its 
molecules is increased, and risk of condensation and freezing 
from undue cooling during the expansion of the compres.sed air 
while working is avoided. In estimating the cflitdency of any 
system of this kind of distributing energy, the energy imparted 
directly as heat must naturally l)c taken into account. Another 
minor use— c.q., in laf)oratories largely using electrolytic methods 
—consists in heating thermo-ele(;trie batteries tjy gas jets, and 
storing the eunent thus obtained in accumidators. The .system 
is extremely wasteful from the point of view of the output of 
electrical energy obtained for a given expenditure of chemical 
^energy, but has convenience to recommend it. 

Coke-oven gas is one of the bye-products of the manufacture 
of coke for metallurgical purposes. Its composition is similar 
to that of opal-gas, but the gas is somewhat richer in methane 
jind consj^Herably poorer in hydrogen. The average caloi'ific 
power i^bout 620 B.T. U., or 156 Cal. per cubic foot. At present, 
much of the gas produced, beyond tliat requiixd to heat the ovens, 
is burnt to w aste. Where the gas can be sold, it is economical 
to collect it in two portions. A rich illuminating gas (3,000 to 
1,000 cubic; feet per ton of coal) during the fir.st .stage of heating, 
and a poorer power gas (5,000 to 6,000 cubic feet) during the 
second stage. 

Coalite is coal depiuved of a portion only of its volatih; matter. 

It has been introduced as a smokeless fuel for domestic grates, 
in wliich it f)roduce.s a more cheerful lire than docs coke. Coalite 
i.s made by heating bituminous coal under moderate pressure in 
retorts, a temperature of 127'' C. (800'* I'.) being gradually 
attained. As soon as uo more gas is produced, the re.sidue is 
^ cooled by introducing steam. The gas given off contains an 
appreciable quantity of ethane, which is not present in ordinary 
illuminating gas. Its calorific value is high, but its illummatin*^ 
powerdow . At Wednesbury the gas is used for tlie manufacture 
•T(Herro-s*ilicon in the electd' furnace. 

GENERATOR GA€.—By this term is meant gasmado«Jw* 
Ae second method defined above—viz., that metho^'^ywhibh 
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complete gasification of the fuel is effected. There are three 
main kipds of generator gas—(1) producer r/as made by the 
limited action of air alone on fuel; (2) imter gas made by the 
action of steam upon heated fuel; and (3) semi-water gas made by 
thS action of both air and steam upon fuel. Gases of the type of 
water gas and semi-water gas can be made by the action of CO.,, 
alone or mi.xed with air, upon fuel. 

(1) Producer Gas.— 'I'he first of these (producer gas) has 
carbon monoxide a.s its chic'f combustible constituent, and its 
formation depends primarily on the production of c.arbon mon¬ 
oxide when carbon is burnt in a limited amount of air, the 
ultimate result being expressed by the reaction— 

c-i-(I (- 1 - .N',) -(,'()(+ N.). 


Air. 

It is usually considered that the production of CO from carbon 
and a limited supply of oxygen (or air) proceeds in two stages, 
thus :— 

(1) C + (•.. = CO... 

(2) CO; t-C 2C(). 

According to this view, air on first entering a producer combine.s 
with the carbon of the fuel to form CO.;, and this...i)assing up 
through the mass of hot fuel is reduced to CO, which V..nstitute.s, 
the chief combustible constituent of producer gas. It been 
stated, however, that carbon at a temperature of 1,000“ C. = 
1,832° F. unites directly with oxygen to form CO, no intermediate 
formation of CO.j occurring. Considerable doubt exists as to 
whether this is so, and wdratever the mechanism of the change 
the ultimate result is the same—viz., the conversion of solid 
carbonaceous fuel into the gaseous fuel, CO. The formation of 
CO by the limited oxidation of C evolves a large quantity of heat, 
and the main reaction concerned being thus powerfully exo¬ 
thermic, the continuous formation of producer gas without the^ 
aid of external heat is easy. A modern form of gas producer 
is shown in the figure.' The producer consists of a combustion 
chamber, A, into which the fuel is fed through the hopper, B ; 
it suffers limited combustion by the air entering through the 
flue, C, and the distributor, D. The producer ps is led ofi by 
the flue, E, and the ash and clinker of the gasified fuel are con¬ 
tinuously removed by the conveyor, F, which rotates' under 
water, the latter serving to seal the producer chamber. ’Fne" 
epwk^r is forced out at the shoot, G. In general the laii is.' 
either drii ws .1 in by the draught of the stack of the furnace, which. 
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18 fed by the gas from tbe producer, or is blown in by 
injectors.* ^ 

As in practice, coal (and not coke) is generally used in a pro¬ 
ducer, reactions subsidiary to the main chemical change (viz. tl* 
production of CO) take place. The mere heat of the combusti^ 
chamber suffices to destructively distil a portion of the coal, the 
residual coke being afterwards gasified by limited combustion. 

US 1 appens that a certain amount of hydrocarbons appears 



rig. 7.—Gas producer. 

B, Hopper; C, E, flues ; 1>, distributor; E, conveyor ; G, shoot. 


in ordinary^producer gas. The composition of pure producer gas 
(from carbon only) and that of the ordinary product are given . 
on the fellow mg page. p • 
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Average producer gas has a calorific value of about 28 Cal. per 
cubic foot— i.e., about 111 B.T.U. The total amount of chemical 
energy (as distinct from sensible heat) in the gas thus produced 
from a given weight of coal is about f that in the coal. The 
fulfilling of the reactions involved in the complete oxidation of 
C causes the. following thermal changes :— 

(1) C + 0 = CO + 29,000 Cnl. 

(2) CO + 0 ^ COj + 68,0{X) Cal. 

This means that 12 kilos, of carbon when oxidised to carbon 
monoxide evolve 29,000 Cal., and when the resulting carbon 
monoxide is oxidised to carbon dioxide a further evolution of 
68,000 Cal. occurs. Therefore, in the preparation ot^oducer gas 
a large fraction (nearly of the total energy availablJiJrom thfe 
oxidation of the carbon appears as sensible heat in the producer. 
Unless, therefore, the producer gas can be used close to the pro¬ 
ducer, so that it is but little cooled by the time it reaches the 
point of combustion, a waste of ^ the total energy of the fuel 
is incurred. The sensible heat of producer gas can, however, be 
icndered latent and available at a distance in one of several 
ways, of which the manufacture of semi-water gas serves as a 
type (v.i.). 

In all systems of heating by fuel (as opposed to direct electrical 
heating) great difficulty is experienced in utilising the heat in 
the products of combustion after their temperature has fallen to 
a certain minimum. Thus, when there is no feed-water heater 
(applicable in the case of a boiler) or other economising arrange¬ 
ment, the temperature of the issuing gases may be 600° to 
700° S’. = 3l5° to 371° C. The heat thus escaping to the chimney 
amounts to about 20 per cent, of the whole heat evolved by the 
combustion of the fuel. It is found to be impracticable In 
cases, even when the substance to be heated has to be raised to 
iinly-a. isioderate temperature (e.g., the water in a boilef which 
may have to be heated only to 300° to 400° F.= 149° to 204° C.) 
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to utilise the heat of the products of combustion directly, when 
their temperature has fallen below 600“ F. = 315° C. A (certain 
residuum of heat in the flue gases has to be left to afford a draught, 
unless some system of forced draught be used. Neverthele^" 
a large amount of waste occurs in any system of firing in which 
no special provision exists foi' turning low temperature heat to 
account. 

Several methods exist of utilising the low temperature heat 
of products of combustion which have accomplished their main 
work of heating. They differ according to the nature of the 
industry using the main source of heat. Thus, in industries 
where ev.aporation has to be effected, waste gases are made to 
pass underneath the evaporating pans; the evaporation of tank 
liquor in the Leblanc alkali process {q.v., Vol. II.) is a case in 
point; where moist materials have to be dried, as in drying 
slurry for cement making, a similar method of economy is prac¬ 
tised : where feed water has to be heated for stcam-rai.sing the 
gases pass through an economiser which consists of a number of 
vertical iron tubes through wdiich the feed water flows, and round 
, which the boiler gases— i.e., the products of combustion from the 
boiler grate—circulate. A use of a different kind, specially 
advantageous when high temperatures have to be produced, 
consists in heating the air supply before combustion by the waste 
heat of the .iirnace gases. Thus, it has been found economical 
th heat the air supplying a scries of boilers by passing it through 
iron tubes set in the furuat^e flues, and, therefore, heated by the 
furnace gases.* This method of pre-heating the materials to be 
burnt is particularly applicable to gaseous firing, as both the fuel 
and the air can be heated, instead of the air only, as in the 
case of solid fuel. High temperatures can be easily obtiiinod 
by employing a system of “ regeneration ” such as this. A 
regenerator is shown in the figure, the top portion of which 
represents a vertical section through a combustion chamber, A 
{in which is»the substance to be heated— e.q., steel), and the 
regenerators B, C, T), E, whilst the lower portion of the figure 
is a ground plan of the flues through which producer ga.s and 
air are fed to the regenerators. The method of operation is 
as follow’S;—When the furnace is at work, the products of 
•combustion leave the combustion chamber. A, by-way of the 
regeneratoMU D, E, wdiich contain chequer work of firebriek to 
which l^e hot gases impart a large portion of their heat; they 
tlifn passeway through the flues, Uj and p, (which are shown in 
the ground plan in the l^wer portion of the figure), and thence_ 

^Yct another method consists in superheating steam from a b'.ii.jf'On^itiB 
way to the cylinder by passing it through tubes set in the Hues. 
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to the chimney of which the entrance is shown at F. From 
the same plan it will be seen that the producer gas and the air 
necessary for its combustion pass through the flues cj and a, and 
..whence up the regenerators B and C, shown in the section. When 
the firebrick in the regenerators D and E has been heated until 
the temperature of the upper end of the regenerators (neatest 



Producer 4^*' 


Fig. 8-—Regenerator. 

Combustion chamber ; B, C, D, E, regenerators ; a, flues ; 

F, entrance to chimney; V, valves. ^ 

0 

the combustion chamber) approaches ,that of the furnace, the 
■' V, and F are reversed, so that the air and prodilcer gas 
now flow .jijQugb the flues Oi and g^, and pats through the 
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■chequer work in the Jirection reverse to that previously taken 
by the products of combustion, and are thereby heated before 
they reach the combustion chamber. It is now the turn of the 
regenerators B and C to become lieated by the products of eoir^ 
bustion which pass away through the flues, g and a. It will be 
seen that the whole working is systematic— i.c., the cold gases 
enter the cooler end of the regenerator and leave at the hot end, 
whilst the hot products of combustion enter at the warmer end 
of the regenerator and leave, at the cool end. In this case the 
same canal serve.s alternately to absorb heat from the products 
of combustion, and to impart heat to the gase.s to be burnt; it is 
obvious that the hot products of combustion and the cold com¬ 
bustible gas (or air) can be passed simultaneously in reverse 
directions through parallel canals separated by a septum capable 
of transmitting heat; an arrangement of thi.s so^t i.s shown 
under the head of destructive distillation of coal (y.u., Vol. II.), 
and a simple instance thereof is afloi-ded by the regenerative 
system applied to steam boilers for utilising the heat of their 
furnace gases, -which has been already mentioned (p. 83). 

The regenerator is applicable not only to producer gas, but 
to the other qualities of gaseous fuel about to be described. 
The principle, in all {:a.scs is the utilisation of what would be 
waste heat f jr the preliminary heating of the materials about 
to be burr;,. It should be said that, in general it is more im¬ 
portant io pre-heat the air needed for combustion than the gas, 
since the quantity of the former is greater than that of the latter. 
Pre-heating of the gas is also troublesome, since contact with 
oxygen must be avoided in the regenerators. 

Since heating by radiation generally results in a more gradual 
and uniform rise of temperature than heating by contact, methods 
have been devised for causing a luminous flame to play across 
the arch (the top of the chamber A, Fig. 8) of a regenerating 
furnace, so that the material— e.g,, plate glass to be softened— 
may be hcfftod by radiation from the white hot particles of 
carbon in the flame, and not by contact wdth the hot gases 
constituting the flame. Such a luminous'flame is obtained by 
careful adjustment of air and producer gas supplied to the 
furnace. 

Fairly successful attempts have recently been made to utihse 
low-tempeJature heat by means of sulphur dioxide ei/^ines. 
The.se 4ire similar to oidinary steam engines in principle, but 
■Ji'quid sulj)hur dio.xide takes the place of water. The tempera¬ 
ture o^the liquid being ivilsed by the hot flue-gases which surround, 
tl»e “ boiler,” it evaporates, expands, and does work-, the gas 
escaping at the end of the rrtroke into a condenser, whilst still 
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under sufficient pressure to cause it to return to the liquid state 
on cooling to the ordinary temperature. The liquid is then 
returned to the boiler. 

Hxj 2. Water Gas.—By this term is meant the gaseous mixture, 
consisting essentially of CO and H, which is produced by the 
action of heated carbon upon steam. The reaction appears to 
take place in two stages, thus— 

(1) C + 2H.,0 = 2H., H- C'0.„ 

(2) C + CO.. = 200. 

As in the case of producer gas (v.s.), it is stated that carbon may 
be oxidised directlv to CO at temperatures above l.OOCi® C. = 
1,832° F., thus— 

(:i) C -!- H.jO - H., -1- CO. 

In the casc' of equation (1) 12 kilos, of carbon in being oxidised 
by steam require to bring about the reaction an expenditure of 
18,200 Cal. ; similarly equation (2) requires 39,000 Cal. ; equation 
(3), therefore, needs half the sum of these values—viz., 28,600 Cal, 
In these cases the water is already in the form of steam, but 
when liquid water is the starting point for calculation, the quan¬ 
tity of heat needed is necessarily greater by the amount necessary 
to convert the water into steam—f.e., 10,800 Cal. Seeing that 
the occurrence of the fundamental reaction, H.^O -1- (X:= IL -f- CO 
for the production of water gas involves the absorptioiiNjf 28,600 
Cal. even when the water is already in the form of steam, it is 
obvious that any .system of manufacture must be designed to 
communicate a large supply of heat to the raw materials, C and 
H.,0. A plan for supplying this heat, which has the apparent 
merit of simplicity, would consist in heating a vessel containing 
solid fuel from without, and blowing steam through it. The 
method is impracticable on account of the cost of transmitting 
the heat tlu-ough the walls of a suitable ve,ssel, such as a gas 
retort. The device actually adopted consists in cfbtaining the 
necessary amount of heat by the oxidation by air of a portion of 
the fuel which is to be gasified. This is effected by blowing air 
into the bottom of the generator containing the fuel (as shown 
in Fig. 9), and thus making producer gas (carbon monoxide and 
nitrogen), which passes away by the flue on the right of tlio 
figure! heat to the extent of 29,000 Cal. per 12 kilos.' of carbon 

' burnt being at the same time evolved. When the inty’-ior of 
the producer is thus highly heated, the air is cut off and stea«i 
is blown into the upper part of the generator, forming carbon 
Jf\bfiterid<<^and hj'drogen, until the heat absorbed by this reactieu 
lowers the temperature below that,necessary for‘its occurrence. 
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The steam passes down the hot column of fuel, its action being 
thus systematic, and the water gas is led away through the pipe 
as shown. The first part of the process (admission of air) is 
called the hot blow, and the second (injection of steam) 
cold blow. It will be seen from equation (3) that ideal 
gas should contain 50 per cent. H and 50 per cent. CO (by volume). 


O 



In praotice, however, a, certain amount of prodflcer ga.^ formed 
dui;jng the hot blow, is mixed with the water gas proper resultwig 
from Ae cold blow. The average composition of water gas is—■ 
CO, 41 per cent.; IL 4^ per cent.; CO,, 6 per cent.; N,15 per 
, cent.—by volume. The producer gas formed durino the -hoi 
blow has tlte usual composition (v.n.), and is utilised for sfeaiH' 
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raising and various heating purposes, such as the “ fixing ” of 
hydrocarbons when tlie iirimary object of the preparation of 
water gas is the production of a carburettcd gas for enricliing 
.. common coal gas. W'iioro higli temperatures are especially 
n?\.ded, water gas is a better, because more concentrated, fuel 
than producer gas, but its economical employment depends 
largely on a use being found for the producer gas which i.s made 
as its bye-product. Average water gas has a calorific value of 
291 B.T.U. per cubic foot— i.e., 74 Cal. When fuel is gasified 
by this duplex system, the total quantity of chemical energy in 
the two gaseous products (producer gas and water gas) amounts 
to about 77 per cent, of that in the fuel (coal or c:oke) used. - 

In the Dellwik and Fleischer process, producer gas is not 
made. By reduiang the layer of fuel, and maintaining a very 
rapid air-blow for a short time only, the carbon is burnt to carbon 
dioxide during this period. Consequently less carbon is used 
to furnish the heat needed during the cold blow, and practically 
no CO is produced. The calorific value of the water-gas so 
obtained is 319 B.T.U. per cubic foot— i.e., 80 Cal. Tlie gas 
is stated to contain about 82 per cent, of the chemical energy 
of the coal. 

3. Semi-water Gas (Dowson gas).—This form of gaseous 
fuel is produced by injecting simultaneously air and steam into 
a producer. The air forms with the fuel producA gas, this 
process evolving heat; the steam reacts with the fuel to yield “ 
water gas, the process absorbing heat. By regulating the pro¬ 
portions of air and steam the temperature of the producer may 
be kept sensibly constant and a gas obtained consisting of a 
mixture of producer gas and water gas. The apparatus used for 
making semi-water gas is simply an ordinary, producer, such as is 
figured in the section on producer gas, provided with a steam 
injector. It has been indicated above that a common producer 
only works to advantage when it is situated in close proximity 
to the furnace which it is supplying, the gas thus reaching the 
furnace without notable loss of sensible heat. If the connecting 
pipe be long, much cooling occurs and a large loss results. When 
instead of the energy appearing as sensible heat in the producer 
gas, it is converted into potential chemical energy by manu¬ 
facturing semi-water gas, the distance of the producer from 
the furnace is of minor importance. Supposing that thr whole 
of fihis heat were utilised in the production of water gas. ^the 
semi-water gas would contain 58 per cent, of ideal produoer gas 
and 42 per cent, of ideal water gas, and consist of H, 21T pet 
.cenh.; ^0, 40-9 per cent.; N, 38 per cent. Semi-rvater ga^ as 
actually made falls considerably short of the ideal composition, 
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containing about H, 15 per cent.; CO, 27 per cent.; CHj, 2 per 
■cent.; COo, 4 per cent. ; N, 52 per cent. It has a calorific value 
of about 41 Cal. or 163 B.T.U. per cubic foot. 

One of the chief uses of semi-water gas is as a source of po^». 
in the gas engine (I'.h). For this purpose it must be free from 
tar and liydrocarbon vapours, so as not to clog the pipes and 
taps leading to the engine. Consequently, especially for the 
smaller power plants, coke or anthracite is used in the ])ro- 
ducer, and not bituminous coal, as the lower price of the latter 
is more than counterbalanced by the cost and inconvenience of 
having to purify the gas obtained. A number of producers 
have,.however, been (amstructed to work with bituminous fuel ; 
in all these the tairy t'a,pours given oli by the green fuel are forc(>d 
to pass through the mass of incandescent coke in tlu^ ])roducer 
and are thus converted, to a greater or less (cxUmt, into “ fixed ” 
gases. This “ fixing ” may be eifected by blowiit'g the air and 
steam downwards through the fuel in the producer, and drawing 
off the gas at the bottom ; or by the method a.doi)ted in the 
Mond producer (c.f.) ; or else, as in the Loomis-l’ettibone process, 
by working two producers alternately, the two producers being 
connected together Jit the top, and provided with separate gas 
outlets and air and steam inlets at the bottom, in such a. way 
that the gases given off by the fresh (diarge of coal at the lop 
of the prodifcer which is being blown must traverse the hot fuel 
•in the second producer, which lias just finished its blow. 

The Mond system is the outcome of an endeavour to recover 
the nitrogen contained in bituminous slack in the form of am¬ 
monia. At present, on account of the complication and exjiense 
involved, ammonia is not recovered in plants of less than 5,000 
H.P. capacity. The Mond producer consists of two concentric, 
wrought-iron shells, the inner one being lined for a portion of 
its height with firebricks. The top is arched, the bottom tapers 
towards the grate ; the whole producer is held in position by 
brackets o^r a water-lute. The slack freshly introduced at the 
top is confined for a time in a bell-shaped easting, hung from 
the top of the producer, and surrounded by the hot gas. 'I'he 
vapours distilled off from the slack are forced to pass downwards 
through the hot zone, in which most of the tar is “ fixed.” By 
the time the fuel reaches the body of the jiroduccr it is free 
from volatile matter. The grate consists of liiV'-bars Jaooked 
into Uvo cast-iron rings so as to form an inverted frustrum (»f 
a cone ;tthe centre is entirely occupied by cinders, which reach 
to the bottom of the m which the producer stands, and are 
i^aked’away below the water-level ; these cinders siq^port ii hyge 
jpart of the wight of the fuel. The mixture of steam and air 
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used in the producer has to pass downwards between the two- 
shells, entering between the fire-bars, and thus becomes highly 
heated. The hot gas from the producer passes through a re- 
“’'Tij^^crator, consisting of vertical double tubes of wrought-iron, 
in which it gives up much of its heat to the ingoing air and steam. 
The gas is next freed from tar and cooled to about 90° C. (194° P.)- 
by spraying it with water in a chamber, and then passes up the 
acid tower, in which it meets a descending stream of ammonium- 
sulphate solution containing 4 per cent, of free sulphuric acid, 
which retains the ammonia. The bulk of this solution is cir¬ 
culated continuously, a part being removed for evaporation 
when its strength amounts to about 37 per cent, of ammonium 
sulphate, and fresh acid added to the rest. From the acid tower 
the gas passes up another tower filled with wood-packing, down 
which streams cold water, which takes up a large proportion of 
the sensible Iftat of the gas. The hot water so obtained is made 
to warm and to saturate with moisture the air on its way to the 
regenerator described above. 

The temperature in the producer must be kept as low as possible 
to prevent the ammonia being destroyed. This necessitates the 
injection of a large (juantity of steam, which also helps to prevent 
caking. Where the ammonia is to be recovered, 1 lb. of bitumi¬ 
nous fuel requires 21 lbs. of steam and 3 lbs. of air ; 1 lb. of 
steam can be obtained by regeneration ; the oth?r 11 lbs. is 
obtained, if possible, from exhaust steam. About 1 lb. of steam* 
is actually decomposed, and 4| lbs. or (>2 to 71 cubic feet of gas 
are obtained. The calorific value of the gas is about 140 B.T.U. 
or 35 Cal. per cubic foot. The gas contains about 80 per cent, of 
the potential energy of the coal used. Its average composition, 
without ammonia recovery, is CO, 11 per cent. ; H, 27 5; ClI,, 
2’0 ; CO.j, 16-5 : and nitrogen, -13’0. In this case, 1 lb. of coal, 
requires only 1 lb. of stearn. Wlierc ammonia is recovered—- 
i.e., whim the temperature is kept lower and more steam used— 
the average composition of the gas is CO, 13'8 pen. cent. ; H, 
24'3 ; CHj, 2’0 ; CO.,, 13'9 ; and nitrogen, -Ifi'l).* It is claimed 
that about 70 per cent> of the nitrogen present, or about 90 lbs. 
of ammonium sulphate per ton of coal, can be recovered. Gas 
made in this way is especially suitable, for large central stations 
supplying smaller consumers of power. But, in order to keep 
the mains wifhin reasonable size, the gas must be •delivered 
under fairly high pressure (10 lbs. per square inch) ; this nj^cessi- 
tates the use of compressors, and of special means to guarrf. against 
leaks in the mains. Mond gas appears t^i be a step tow'ards the 
re'iijisation of Sir Oliver Lodge and B. H. Thwaite’s dream o,f 
* Case, J. Soc. Ohem. /»(/„ 1005, p. iVJti. * 
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smokeless cities deriving their power from iiroducors situate at 
the pit’s mouth. 

Other means than that described above can be used for con-, 
verting the sensitde heat evolved in the formation of prodAvr 
gas into chemical energy. Thus CO^ may be substituted for 
water, its decomposition taking place according to the equation 
CO.^ -f 0 = ‘iCO. which absorbs for every 12 kilos, of carbon thus 
gasified 39,000 Cal. The system i.s used for the preparation of a 
mixed gas corresponding thermally with semi-water gas, and 
consisting of a mixture of producer gas with addition of CO 
(instead of 11 -j- CO, as in tlio case of semi-water ga.s). Complete 
utilisation of the heat evolved in the formation of ])roducer ga.s 
gives, on this plan, the ideal values—producer gas 65‘3 per 
cent., CO (from CO.j) 34'7 per cent. Such an ideal gas would 
contain 57T per cent. CO and ■I2’9 per cent. N, and have a 
calorific value of 48 Cal. per cubic foot. As a sui?ply of pure CO.j 
is not available in most places without having recourse to sjiccial 
means of preparation,* this method is reduced in practice to the 
system of turning back a portion— c.<j., one-half—of the products 
of combustion of the furnace fed by the producer, into the pro¬ 
ducer itself. This CO, contained in these prodwds of combustion 
is converted into CO, and the chemical energy (as distinct from 
the .sensible heat) of the producer gas is thus increased. An 
advantage of this method is that the CO., to be decompo.scd is 
already heated, whereas in making semi-water gas an external 
source of heat is necessary for raising steam. Jn any ordinary 
method of working, the sensible heat of the products of condjus- 
tion is. of course, largely recovered by the use of tlie regenerator. 
The disadvantage entailed is the dilution of the gas from the 
producer with the nitrogen of tlie products of combustion. At 
present this method is hardly used. 

Blast-turnace gas is e.ssentia!ly a poor |)roducer gas, containing 
much CO„. Its comi)osition is variable, but may be stated on 
an average as 25 to 30 per cent, of CC, and 1.5 to 20 per cent, 
of CO„, the remainder being almost entirely nitrogen. The 
calorific value is about 23 Cal. or 90 B.Ttfh per cubic, foot. Blast¬ 
furnace gas is such a poor gas that it would not be used were it 
not a bve-product which must be obtained in airy case. Only 
a portion of the total gas produced is needed tp heat tin* air for 
the furnace blast, am'' the remainder is now utilised locally to 
a l*rge and increasing extent for steam-raising and in gas engiTics. 
BeforS using it in the latter, the gas must be scrubbed free from 
th% flue-dust it carries, and its dilution necessitates the u.se of 

* An excerUion is tounil in tbo ca.se of brevierics. j.imc-kilii gaA-s are 
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larpe ongines. For tlio same reason, it must be well mixed with 
air before burning it under a boiler. 

Suction Plants. — .Vll the gaseous fuels considered above are 
'pnwluced under a. i)Tessure somewhat above the atmospheric. 
When us(al in tlie gas engine, they are not delivered straight to 
the latter, but aiai first stored in a gasholder, from which they 
are delivered under slight pressure to the engine. Hence the 
type of plant has been distinguished as “ Pressure Ous-Producers.” 
The constantly incu-oasing use of gas engines has caused the 
evolution of gas producer.? along economic lines. During recent 
years a now type, reejuiring neither steam jet nor air blower has 
been evolved, tlie air being drawn into the producer by'the 
sucking action of a gas engine. The expensive gasholder is 
entirely avoided; the producer is connected directly to the 
combustion chamber of the engine, the gas being merely cooled 
and passed thiahigh a scrubber containing ('okc or sawdust. This 
scrubber removes, not only tarry matter, but also drops of 
condensed moisture, which, with the usual magneto-ignition 
might cau.se short-circuiting, and so prevent ignition in the 
engine. In addition to a gasholder, the older type necessitated 
the use of a boiler to generate steam. With the suction type of 
plant the boiler is supplanted by an “evaporator” or “vapor¬ 
iser,” which in small plants is built frequenth' on the^top of the 
producer in the form of a water-jacket, and in larger plants close 
to the producer as a tubular evaporator. This evaporator 
generates the steam required by utilising the waste heat of the 
producer and of the gas. Tliis is of considerable advantage as 
compared with the old system, the firing of a separate boiler 
being dispensed with. The producer itself consists of an iron 
shell lined with firebrick, and provided with a suitable hopper. 
Before starting the engine the fuel in the producer is heated by 
means of a blower, which, in plants of less than 150 H.P. capacity, 
ma)" be hand-worked. When the fuel is alight and the, gas 
burns well at the test-cock the engine is started, and bj its own 
sucking action draws the necessary air and steam into the pro¬ 
ducer as required for eaah stroke. From the producer the gas 
is drawn through the scrubber and an equalising tank to the 
engine. 'J'he gas-making process continues as long as the engine 
is moving, and stops when the engine stops. Either anthracite, 
charcoal, ^or coke can be used in suction-gas producer,?. The 
proper regulation of the .supply of steam to air is a matte» of 
some practical difficulty when the engine is not working 'at it.s 
full load. If too much steam is introduceolt the temperature of 
the pjoduccr is lowered undid)'. Some makers merely insert an 
opening through which the steam can escape; Dowson and 
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Fig. 10.—Smith’s “suction gas plant.” 
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others make the engine suck exactly the quantity of water 
needed during one stroke into a vaporiiser, in which it is instantly 
and completely converted into steam. The gas made in a suction 
pl^pt is similar to that made in an ordinary Dowson producer, 
but it contains ii little more inert gas. The thermal efficiency of 
the gas is stated to be 80 to 90 per cent, of that of the coal used. 
Wlicn the engine is running under very light load, however, the 
gas produced is much poorer, and the full load should only be 
applied gradually, as the producer must be given a few minutes 
to recover its proper working temperature. Suction plant is 
advantageous where first cost and labour are to be kept down. 

'The utilisation of all the foregoing forms of generator gas 'may 
be effected in various ways, according as power, heat, or light is 
required. For mechanical power it may be burnt in a gas 
engine, the method being especially adapted for use where the 
demand for poever is intermittent, as in electric light and power 
stations. In large works, generator gas (usually of the semi- 
M'ater class) is made and stored and drawn upon to supply the 
gas engines as may be required ; for small works, suction jilants 
are used. In both cases, the stand-by losses are very much 
smaller than with steam engines. The method of using gene¬ 
rator gas in a gas engine differs in no essential respect from that 
necessary for the employment of coal gas ; the smaller volume 
of air for explosion, and the lower calorific value per'cubic foot, 
being the only conditions of noticeable difference. 'The effi¬ 
ciency attained in a good gas engine burning semi-water gas is 
upwards of 25 per cent. With a heat efficienc)' of 80 per cent, 
in the gas used, the total effiiicncy becomes about 20 per cent., 
Avhich compares favourably with the 10 to 15 per cent, efficiency 
of a steam engine. 'The use of generator gas for heating has been 
already mentioned under the description of the production of 
its various kinds. Its employment for lighting falls into two 
classes :—(1) Water gas is carburetted w'ith the products of 
decomposition of petroleum * (see Oas makhig, Vol. JI.); (2) 
generator gas, usually water gas, is burnt so as to heat a refractory 
material and to cause it to emit light. This principle is utilised 
in the Welshach light (see Vol. II.), in w'hich a “ mantle ” of 
refractory material is heated in a non-luminous gas flame (coal 
gas or water gas); the mantle is made by dipping a knitted 
cylinder of cotttfn thread, after it has been w'ashed successively 
in Ammonia and hydrochloric acid, into a solution containing, 
chiefly, nitrate of thorium, together with nitrate of ceriunt, and 
drying at 90" F. = 32° C. The oxides must^e as pure as possible, 
as foreign matter, particularly iron, con.siderably diminislies 
* This is now done on an enormous scale. * 
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the illuminating effect, 'riic gas must lie thoroughly l)\irnt 
lest carbon be deposited on the mantle and destroy it. 'I’ho 
Fahnchjelm lighting system is similar in principle ; rods of 
magnesia, set in a metal backing to form a comb, are heat*> 
in a water-gas llame and emit a full white light. 'I’lie magno.sia 
rods gi'adually shorten a,nd wa'ar away, a,nd have eventually 
to be renewed. .Methods of lighting of this (lass are economical 
of gas, a cheap non-illuminating gas, such as water gas, sufficing, 
and a larger percentage of tlu; total energy of the gas being 
obtained as light by such means than by tlai direct burning of 
illuminating gas. The chief item of cost is the frequent renewal 
of the refractory material to be heated. 

NATURAL GAS is a form of gaseous fuel confined to ]ietrol(*um 
districts where it occurs associated with the crude oil. The 
following analyses* show its composition :— 
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The. gas issues at great pressure from the earth (sometimes the 
pressure, is' as high as 70 atmospheres). The natural re,servoir 
containing the gas under pressure is tapped (often when sinking 
a shaft for petroleum) in the manner described in th(^ si'etion on 
petroleum ((/.r>.), and is conducted by pipe lines to the plat* of 
consumption. It is fturnt in the, way usiud for gaseous fuel, 
and is used for all kinds of manufacturing purposes, its freedom 
from sulphur giving it a special value for metallurgical purposes. 
On account of its poverty in heavy hydrocarbons, natural gas 
has a low illuminating value. The density of an average sample 
is 0’5 (air = 1), and its calorific value is about 222 Cal. per 
cubic foot. Besides its main use as fuel, natural’gas has^another 
employment—viz., the preparation of the pigment carbon black, 
which,is made by the imperfect combustion of the gas and 
collection of the resulting soot (see Figments, Vol. II.). 

* The occuiTencc of hoiiura, io quantities varying from a trace to lacarly 
'2 per cent., in^any samples of American natural gas is of scientitic interest. 
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HYDROGEN has but a limited iudustrial use. Its chief 
employments are in producing high temperatures by means of 
the oxyhydrogen blowpipe— e.g., in lead burning, iron welding, 
•itad platinum melting—and in filling military balloons. The 
most convenient method of preparing it consists in acting on zinc 
with dilute sulphuric acid. The hydrogen from scrap iron and 
an acid is always contaminated with hydrocarbons and sulphur¬ 
etted hydrogen, which are generally reckoned objectionable. 
Cheaper, but less convenient methods, are—(1) heating a mixture 
of zinc and slaked lime, the reaction being 

Zii Ca(OH)., Ziit) + CaO + H,; 

(2) lieating a mixture of anthracite and slaked lime according to 
the equation 

V + 2Ca(C)H), = CaCO; Cad -f 2H.; 

(3) heating iron scrap in ii current of steam, decomposition taking 
place as follows ;— 

I'c. -I tH,.d - Fe,Oj h 4H,. 

This last reaction can be utilised for obtaining hydrogen by 
reducing steam by means of semi-water gas, through the action 
of iron as an intermediary. Steam is first passed over heated 
iron (as scrap or bar), and hydrogen is produced tfccording to 
the equation gi\en above. The resulting fcrroso-ferric oxide is * 
then reduced by heating it in a current of semi-water gas, and 
the reduced iron again oxidised by steam, a further quantity of 
hydrogen being thus obtained. An extreme^ simple wa}' of 
obtaining both hydrogen and oxygen consists in dec.’omposing 
water (slightly acidified to render it conducting) by means of an 
electric current. The reason why this method has not hitherto 
been adopted, lies rather in the small demand for hydrogen (not 
warranting an expensive plant) than in the intrinsic cost of the 
process.* When both anode and cathode arc of un»ttackable 
material— e.g., platinum—0 and H are both obtained, but by 
using an oxidisablc matprial at the anode— e.g., zinc—H alone 
may be prepared, and, in complementary manner, by using a 
reducible substance such as CuO at the cathode, the H may be 
suppressed and 0 alone liberated. Economy may be sometimes 
secured by such* variation of method. The electrolysis of water 
is now carried out commercially for the preparation of the ggse.s 

* There might be a greater use of hydrogen if ttie gas could be supplied 
cheaply to small consumers. But the first costtof the steel cylindejj in 
whiclj the compressed gas is stored, and that of then' transport, adds very « 
largely to the cost of maldng the gas. • 
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for oxyhydrogen blowpipe work (p. 41). The tank used is 
6 feet long, 18 inches deep, and only 1J inches wide. A vertical 
plate of iron is placed the whole length of the thin tank, so a.s 
to keep the gases apart as they are generated. This plate has c 
rectangular aperture, so as to permit the electrolyte to flow. 
The tank is closed by two rubber blocks between the centre 
plate and sides. The sides of the tank are of iron, and form tln^ 
anode and cathode. To the water in the tank soda is added, 
and during electrolysis hydrogen is liberated at the cathode and 
oxygen at the anode. The gases are led off separately from the 
top, passing through a water-seal into gasholders. In eacli ga.s 
pipe a piece of platinum is kept red hot by an electric current, 
and this provision removes any traces of hydrogen from the 
oxygen and any oxygen from the hydrogen. Another process of 
theoretical and also practical interest is that devised by Mond 
for .separating H from CO in water gas (v.L). • 

OXYGEH. —-This gas is substituted for air when it is required 
to produce the highest possible temperature by the combustion 
of a given fuel. The ease with which high temperatures may be 
obtained by means of oxygen is due to the absence of the diluting 
effect of the nitrogen with which the oxygen of the air is associ¬ 
ated, such nitrogen having to be heated through the same range 
of temperature as the oxygen and the products of the oxidation 
of the fuel. * Oxygen is especially used when hydrogen is the 
•fuel adopted. It is almost invariably prepared from the air 
by taking advantage of some reversible reaction. The simplest 
reaction of this class u.sed for preparing oxygen is that which 
occurs when barium oxide, BaO, is heated in air to form BaO., 
this product, when raised to a higher temperature, liberating 
oxygen and becoming reduced again to BaO. As originally 
carried out oti a commercial scale by Brin, barium nitrate is 
heated in crucibles until its decomposition is complete, and a 
porous mass of BaO remains. This substance is heated in iron 
retorts to SCO® C. = 1,112° F., and a stream of air, freed fi-om 
COo by scrubbing in a lime tower followed by one of caustic 
soda, led over it. Unddr these conditioiys BaO,j is formed, and, 
on raising the temperature to 850° 0. = 1,562° F., is decomposed 
giving off oxygen which can be collected and compressed into 
steel cylinders. According to more modern practice the retorts 
are maintained at a temperature of about 700° C. = 1,292° F., and 
thsi^ressure varied. During the period when the pressure ie 
about fW lbs. above that of the atmosphere, oxygen is absorbed, 
and when the pressure's reduced to about of an atmosphere 
^absolute)— i.e., a vacuum of about 28 inches—oxygen is gi^en 
off, the proceJs thus resolving itself into alternately pumping air 
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into the retorts, and exhausting oxygen from them. By this 
process only about 8 per cent, of the oxygen which a given 
weight of BaO is capable of absorbing in the formation of BaO., 
subsequently giving up, is obtained in each operation ; but 
the comparative rapidity of the alternate stages of the process, 
and the diminished wear and tear of the retorts, which are kept 
at a fairly constant temperature, more than compensate for this 
drawback. The oxygen always contains some nitrogen— ejj., 

5 per cent.—and thus is unsuitable for such purpose.s as require 
the highest temperature of the oxyhydrogen blowpipe. The pro¬ 
cess is now but little, if ever, used. 

Another method of the same class consists in heating manganese 
dioxide with caustic soda in presence of air, whereby sodium 
manganate and steam are produced in accordance with the 
equation— 

' MnO., l-2NaOH | 0 = NiuMnOj + H,(_). 

The sodium manganate is then heated in a current of steam, and 
Mn.jO;,, caustic soda, and oxygen are produced, thus— 

.i.Nta..MnOj + 2HT) Mn-.O,, + 4Na()H h 30. 

When the oxygen has been collected, the mixture of Mn.jO;; and 
NaOH may bo again heated in air, and this last equation becomes 
reversed. Thus by heating a mixture of caustic sotla and oxide 
of manganese in air and in steam alternately, a supply of oxygen., 
can be obtained from the air. 

A third reaction, greatly resembling the last, is that obtained 
by heating calcium carbonate and lead oxide in a stream of air 
(Kassner’s process). The lead oxide is oxidised, calcium plum- 
bate being produced according to the equation— 

2CaC0, + PbO -I- 0 = 2CaO. PbO, 2C0„. 

The resulting calcium plumbate is moistened and treated with 
furnace gases at a temperature below 100° C. = 21^2° P. The 
(10., of the furnace gases attacks the plumbate forming PbO, and 
Ca(50.,. The mixture is then heated in a retort, whereby the lead 
peroxide is decomposed, and oxygen given off, its evolution being 
aided by injecting steam. On raising the temperature of the 
retort, the CaCO,, is also decomposed, yielding CO .2 (which is 
used in the first stage of the process in the next cycle of opera¬ 
tions),*'and a mixture of PbO and CaO is obtained, which on 
lieating in air again yields 2CaO . PbO._„ capable of undergoing 
the same series of changes. 

Besides these purely chemical methods^ a process based dn the 
■difierence in solubility in water of oxygen and nitrogen—the 
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former being nearly twice as soluble as the latter—has been 
proposed for the commercial preparation of oxygen. By alter¬ 
nately compressing air over water, and then drawing off the 
dissolved gases from the water bv creating a vacuum over its 
surface, a progressive enrichment in oxygen of the, resulting 
mixture of gases takes place, until after eight absorptions and 
exhaustions a mixture containing !)7'3 jier cent, of O and 2'7 per 
cent, of N is produced. 

Another method of separation not depending on definite 
chemical reactions is that which takes advantage of the property 
of an indiarubber membrane of allowing a readier passage of 
oxygen than of nitrogen, the process lieing known as dialy,sis. 
It is carried out by maintaining a. vacuum inside a bag made of 
thin indiarubber. the air pumped out being found to be richer in 
oxygen than is atmospheric air. By repeating the process, 
approximatelv pure o.xygen "an be produced. 'l*hc method in 
no way depends on the property of diffusion. 'I'he electrolytic 
preparation of oxygen may be effected simultaneously with that 
of hydrogen No ])ra.otic.'il outcome of these methods has 

hitherto taken place. 

Probably the bulk of the oxygen used commercially (c.;/., for 
the .svnthetic manufacture of nitra.tes from air) is now made 
from liquid air. 'I'he liquefaction of air is accom|)lishcd by 
.systematic, cooling, advantage being taken of the fa,ct that when 
an imperfect gas, such as air, expands without doing external 
work, its temperature falls owing to the internal work done. 
This cooling is known as the .Joule-Thomson effect. The amount 
(d) of the cooling in degrees 0. is given liy the formula— 

/27:t\2 

d = 0-2-G (f. • i>d f-rj ■ 

where P, is the initial, P., the final pressure of tin' air in atmo¬ 
spheres, and T its initial temperature in absolute, degrees C. 
It is evideiit that the cooling effect is greater, the greater the 
reduction in pressure, and the lower the initial temperature of 
the gas. in carrying out the process according to Linde, com¬ 
pressed air is cooled by water, and allowed to e.xpand through 
the outer of a pair of concentric tubular coils. In doing so, it 
cools a se.cond quantity of compressed air, contained in the inner 
coil, to a temperature below its own initial tem'^eraturth The 
ai%^rst compressed expands into a chamber communicating 
with a pump, which again compresses it, and returns it to the 
inner coil, where it is i^ioled to a still low’cr temperature by the 
expansion of the second portion of air, which has in the mean¬ 
while been transferred to the outer coil. The process is repeated 
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until liquid iiir is obtiiinccl. Of course, influx of heiit horn tlie 
outside must bo prevented as far as possible. 

The production of oxygen from liquid air is rendered possible 
by the fact that oxygen boils at a higher temperature, — 297° F. 

(— 183° C.) than nitrogen, — 321° F. (— 196° C.). Consequently, 
if liquid air is allowed to evaporate, the gas which is given off 
at first contains 93 per cent, of nitrogen, and only 7 per cent, 
of oxygen, the oxygen content of the liquid residue being pro¬ 
portionately increased. Thus, when about three-quarters of the 
total quantity has evaporated, the residue contains about .50 per 
cent, of oxygen. Much better yields of oxygen than this are 
obtained by systematically fractionating liquid air in vessels 
resembling the dephlegmators used for concentrating alcoholic- 
liquids. In those vessels liquid air is made to boil at the bottom, 
the ascending vapours meeting slightly colder streams of liquid 
air, which trickle down baffle plates placed in the vessels. In 
so doing, the ascending vapours take up nitrogen from the de¬ 
scending liquid, the less volatile oxygen continuing its course- 
downwards. A liquid rich in oxygen is thus obtained at the 
bottom of the vessel; this liquid is usually further treated in 
the same way in a second smaller vessel similar to the first. f>y 
this process it is possible to split up air into two portions, one 
as nearly pure oxygen, and the second nitrogen containing 7 per 
cent, of oxygen. This nitrogen is usually wasted, but occa.sionally 
finds an application in the manufacture of calcium cyanamide by 
leading nitrogen over heated calcium carbide. In this case, the 
impure nitrogen is further fractionated in a third vessel, the 
operation being conducted so as to yield a gas which is nearly 
pure nitrogen, and a liquid fairly rich in oxygen, which is returned 
to the first vessel. In many cases— e.(j., for furnace work—pui'e 
oxygen is not desired, and a gas enriched in oxygen up to 30 or 
50 per cent, is made ; such enriched air is often called “ Linde- 
Luft.” 

SMOKE PREVENTION. —In connection with the loss of energy 
in furnace gases discussed on p. 83, attention must be drawn 
to the fact that the statement frequently made that the escap<! 
of much smoke means a large loss of fuel is erroneous. Even 
dense smoke represents less than 1 per cent, of the total fuel 
burnt. Bad economy is more often the concomitant of a smoke¬ 
less chknney, vvhich is frequently an indication of an excessive 
amount of air above that necessary for combustion, the wa--*;- 
fulness of which has been already pointed out. Smetke-pre- 
vention being necessary on other than economical grot^nds, 
attejnpts have been made to secure the suppression pf smoke,, 
or to remove it from the furnace gases after it has been formed. 
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The former aim is attainocl (a) by the use of iion-bit\iminous 
fuel; (6) by careful stokinc at frequent intervals (the destructive 
distillation of such portion of a heavy charge a.s does not im¬ 
mediately ignite being thus avoided); (c) by mecdianical stokers, 
which effect the same end (b) still better {d) by forced draught 
(often objectionaldc on account of the sur 2 >lus air introduced) ; 
and (fi) by a secondary air suj)ply at a ^loint beyond the main 
zone of combustion, the hot gases and fresh air lieing led over 
a lire-bri(/k bridge or some similar device (c/. Coalite, 2 ). 79). 

,'smoke may be removed from furnace gases by washing with a 
water spray, and manv modiiications of this method hav(‘ been 
devis'bd. It is generally more (“conomicid to work a furnace 
somewhat smokily, and wash the iiroducts of combustion free 
from smoke, than to attempt to prevent the formation of smoke. 

h'recjuent a.nalysis of the llue-gase.s is macssary to control tin; 
economical working of a furnace. In the Oi^iat ajtjraratus 
commonly used for this 2 mrp<'se, oxygen and < a,rb()n dioxide! 
arc determined, and, in addition, carbon mono.xich', if the latter 
is 2 )resent. After the best conditions have once been ascertained 
for any one kind of fuel, it suffices to know the amount of any 
one of the constituents of the flue-gases, in order to judge wliether 
the furnace i.« working 2 rroperly. Carbon dioxide is tlu! gas most 
usually detej-'mined, and a number of instruments have been 
constructed to determine its amount more or less automatically 
* and continuously. In the older instruments this was done by 
determining the specific gravity of the ga.ses—c.y., by leading 
the latter through a glass globe ])artly balanced by a second 
globe filled with air, and partly by weights. 1'hc method is 
not very reliable, since the .specific gravity of the gases is de- 
2 )endent, hot only on the quantity of carbon dioxide 2 >resent, 
but also on that of the water vapour and on the tem 2 )erature of 
the gases. Better results are obtained by instruments in which 
the quantity of carbon dioxide present is acjtually determined 
bv absorption. The “ Ados ” or “ Barco ” apparatus, and the 
Bimmance-Abady “ combustion ri!corder ” work on this 2 >rin- 
< iple. In both the carbon dioxide is .absorbed, by means of 
potassium hydroxide solution, at intervals of a few minutes, 
from fixed volumes of the gases, and the decrease in volume is 
registered automatically. In another form of^ apparatus the 
increase in weight of a vessel containing potassium hy^lroxide 
<1l>.<'oda-lime is (continuously registered by a delicate spring- 
balancft. In another instrument, termed “ autolysator,” the 
reduption in pressure «ot the gases after passing over soda-lime 
ois determined, the gases in this case being forced to occupy a 
constant volume. To a third class belongs an instrument devised 
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by F. Haber, in which the refractive index of the fiase.s is deter¬ 
mined in a simple manner : a continuous record can be obtained 
photographically. 

Useful information as to the working of the furnace is also 
obtained by a continuous determination of the temperature of 
the flue-gases (cj. p. 114). 

Heating by Means of Electrical Energy. —Energy in the form 
of electricity is obtained from any prime mover, such as a steam 
engine, a gas engine, or a water turbine. It can be converted 
into heat by passage through a resistance which may be gaseous, 
as in an arc, or liquid as in a furnace of the type used in pro¬ 
ducing aluminium (q.v.), or solid as in a filament. Elefitri(%'il 
furnaces used in chemical manufactures are usually of a mixed 
type, but instances can be cited of each. For the production of 
oxides of nitrogen by burning together the nitrogen and oxygen 
of the air a "number of arcs are employed ; for maintaining 
the temperature of a bath of electrolyte which must bo kept 
fused the bath itself serves as a liquid resistance ; for heating a 
mass of carbon and silica to obtain carborundum the resistance 
of the solids concerned, enhanced by their imperfect contact, 
is adopted. The fundamental condition in common is that 
there shall be a sufficient resistance at the point where the chemical' 
reaction is to be induced. , 

The loss in converting the heat of combustion of ordinar\ 
fuel into electrical energy is so large that the application of the' 
latter to commercial jmrposes is confined to special cases, but 
these include many of great industrial importance. It may 
happen that the reaction desired requires so high a temperature 
as to necessitate the use of a method independent of the tem¬ 
perature of dissociation of the oxides of carbon and of water. 
An example is furnished by the process of manufacture of car¬ 
borundum already mentioned, or of graphite. The furnace used 
is of the resistance type, and is shown in the figure. 

No mode of heating by the direct use of fuel is possible for 
this class of reaction. 

Where lower temperatures are concerned, the (flioicc between 
electrical and other methods of heating depends upon practical 
and economical considerations. The reduction of zinc from its 
oxide by heating w ith carbon requires a high temperature (1,100° 
C. = 2;br2° F.), and can be reached by an ordinary furnace, 
but as the heat has to be applied at the outside of a retort •^.a- 
taining the materials which are to be caused to interact, great 
loss occurs in transmission, and much .damage to the ijetort 
tak'Ss place. These difficulties would be awoided by an electricah 
method of heating, which could be directed to the charge in the 
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retort instead of the outside of the vessel. In practice the ad¬ 
vantage at present lies on the side of heating directly with fuel, 
but the inherent merits of internal heating are so large that an 
electrical method of reduction is possible if the source of electrical 
energy is sufficiently cheap. 

Another example of electrical heating which is advantageou.s in 
spite of its relatively high cost is aft'orded by the, aluminium 
furnace. Here the main purpose of the current is to deposit 
aluminium electrolytically, but a.s the electrolysis must be carrii-d 
out in a fused electrolyte, it is found better to use a part of the 
current in fusing the electrolyte than to attain the same end 
by tscternal heating with ordinary fuel. A (igure showing a 
furnace of this class will be found in section on “ .Steel.” 

Heating jointly by an arc and by the resistance of the mas.s 
heated is employed in steel furnaces, such as the Heroult; 
simple resistance heating by a conductor of relatively small 
conductivity is c.Aemplilied by the Gin furnace. 



A, Brick box ; B, hoavv n.ctal holders ; (.!, c.irhoii roils ; I), core of 
lirokcM coke ; E, charge. 


Obviously the resistance method may b(> applied to many 
)rts of industrial heating—c.g., the roasting of ores, the baking 
f carbonj, and even more domestic kinds of cooking—provided 
hat the electrical energy is cheap enough or that the convenience 
ttending its use outweighs its cost in money. 

REFRIGERATION.— Great advances have been made in recent 
ears in the production of practical and commercially successful 
lachinery for mechanical refrigeration. In these machines there 
i a transference of heat from the substance to be refygerated 
aj,he cooling agent, which is usually an evaporating liquid oi 
n expandino gas. t’ertain practical considerations limit tlu 
hoice of cooling agent. (1) It must be able to withstand reason 
ble changes of temBeraturc and pressure. (2) Its capacity foi 
leat should be large, in order that it may carry off thefiieai 
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extracted from the body to lie cooled. (3) If the cooliiifr .Tgent 
is a li(|i]id, its vaporising point must be low, it must itvaporuto 
rapidly, and the volume of the resulting vapour must not be too 
large. (1) Its latent heat of evaporation must be as great as 
possible. (.5) Its vapour pressures at the temperatures employed 
must be, practicable. Ordinary air is very abundant and 
admirably fulfils the first condition. Its capacity for heat, 
however, is small, and the machine must be corresjiondingly large, 
illoreover, a, wide, range of temperature is necessary, and experi¬ 
ence shows that this means a comparatively low efficiency, t'old- 
air machines, therefore, are apt to be cumbersome and extra¬ 
vagant. Ether boils at 35'5‘’ 0., and at 0°C. has a vapour pressure 
of I8'4 cms., and a latent heat of evaporation of 91. At 0'’’ C., 
therefore, it is necessary to evaporate 1,907 lbs. of ether to pro¬ 
duce a ton of ice (to freeze 1 lb. of water at 0^ C. requires the 
abstraction of.,80 lbs. “ 0. units of heat). Alcohol has a higher 
specific heat than ether, but is less volatile. Opinions differ as 
to the most suitable ('ooling agent, but the three most commonly 
employed arc carbon dioxide, ammonia, and sulphur dioxide. 
Carbon dioxide is cheap, and needs comparatively small com¬ 
pression plant. At ordinary temperatures it is liquefied by a, 
pressure of 850 lbs. per square inch. Ammonia has the advantage 
that it is liquefied at a lower pressure—120 lbs.—but it requires 
a larger compression plant, liquid ammonia boils*at — 35° C., 
and has a vapour pressure of 318 cm. at 0° C. (i.e., more than four ■ 
atmospheres) ; it is, therefore, volatilised very rapidly at 0° C. 
Moreover, its latent heat of evaporation is as much as 294, so 
that the evaporation of a minimum of 610 lbs. liquid ammonia 
is theoretically sufficient for the production of a ton of ice. One 
great drawback to the use of ammonia is that in the presence 
of air it will dissolve copper, so that in ammonia machines the 
use of this metal or its alloys must be avoided in any parts which 
come in contact with the ammonia. Ammonia machines are, 
therefore, unsuitable where only sea water is available fpr cooling, 
as the iron pipes which alone can be used are quickly corroded 
by sea water. Liquid sulphur dioxide boils at — 11° C., has a 
vapour pressure of 116'5 cm. (1^ atmospheres) at 0° C'., and a 
latent heat of evaporation of 95. It is, therefore, a volatile 
liquid presenting considerable advantages, but is somewhat 
corrosive, since' it is liable to be converted, by oxidation, to 
sulphuric acid. Modern refrigerating machines may be classigc.1 
broadly thus—(1) Those in which air is used as the working 
substance ; (2) those in which some liquid js alternately vaporised 
and liquefied during a cycle of operation^. In the latter class, 
of machine we may restore the vapour to the liquid' state by (a) 
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mechanical compression, or {h) absorption, in which the solution 
of the vapour by some other substance acts as a substitute for 
mechanical compression. In all these various svstems the same 
general principle is involved. When a gas is compressed it.s 
temperature rises. The <’onverso of tliis is also the ease. When 
a gas e.xpands, it does work and loses an equivalent amount of 
energy in the form of heat. The heat developed by the com¬ 
pression of th(' gas (which may involve, its liquefaction) is remov(>d 
by a current of cold water. The condensed a,nd cooled gas is 
then allowed to e.xpand in suita,ble vessels, and the refrigi'rating 
effect thus produced is utilised in some convenient. wa,y (see :dso 
Liquid Air, p. 1)9). 

Cold-air Machines. —A steam engine is generally em))loyed as 
the motive power lor compressing the air in the compression 
cylinder from atmospherh^ pressure, and a tem))erature of about 
20° F. to a pressure of about 155 lbs. ]ier s((uare iiiih and a. tem¬ 
perature of 270’ F. The com])resspd air is then delivered to a 
cooler, where its tem))erature is reduced to about 70° F.. and 
a considei-able amount, of its moisture, removed as conden.sed 
water by circulation through water-cooled metal tubes. 'I'lit! 
air may then be circulated through a drier, in which a further 
(]uantity of moisture is removed either by simple cooling in tiibes 
or by centrifugal action. The air now passes to the expansion 
cylinder, the temperature of exhaust being about — 80" F. The 
•moisture corresponding to the difference in humidity Iretw'een 
the temperatures of inlet and outlet is deposited as snow in .snow 
boxes, and is regularly removed. 'I’he cold air is now utilised 
for cooling chambers or some similar purjiose, and finally returned 
to the compressor. 

Vapour Compression Machines. —By means of a eompre.ssor, 
an easily liquefiable gas, such as CO.„ Nil.,, or 80^, i.s condensed 
to a licjuid in a condenser consisting of a long coil of tubing 
surrounded by water, which absorbs the heat given out by the 
gas as it lif|uefies, the. warm water passing away and being con¬ 
stantly replaced by fresh, cold water. The liipieiied gas now 
passes through a regulating valve, to the evaporator, in which 
it is rapidly converted into gas. In doing this it absorbs heat 
from the brine surrounding it, so that the latter is cooled to a 
low temperature. The gas leaves the evaporator, passes again 
to the compressor, and the cycle of operations is repeated. Ip a 
cijjgmon form of carbon dioxide refrigerating machine which 
< an be. used for cooling brine for cold storage chambers, for 
making ice and for verbus other purposes, the (-ondenscr coils 
^ire c*ontained in an apnular vessel surrounding the evaporator, 
a space fitted with an insulating material being left between \he 
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two. The crank shaft not only works the compressor, but also 
a small pump which drives the cooled brine from the inner vessel, 
and causes it to circulate through the pipes in the cold storage 
rooms. These brine tubes are known as “ grids,” are made in 
long lengths electrically welded, and ate generally placed at the 
top of each storage chamber under the ceiling. A 2.5 per cent, 
solution of calcium chloride is commonly employed as “ biine,” 
and is preferred to a solution of common salt, since it does not 
freeze .so readily. Such a solution has a specific gravity of 1'22, 
specific heat 0'70, and freezes at a temperature of — 18° F. A 
solution of magnesium chloride is also sometimes used for this 
purpose, a 25 per cent, solution having a freezing point of*— 22° 
F. and a specific heat of 0‘70. 

Absorption Refrigerating Machines. —In those machines a 
liquid evaporates under conditions which can be readily main¬ 
tained, and file resulting vapour is absorbed by another liquid. 
In one of the earliest of these processes—due to Edmund Carre— 
water was used as the evaporating liquid and sulphuric acid 
as the absorbent. Ferdinand Carre invented the “ ammonia 
absorption machine,” which has been improved by various 
inventors until at the present time it is regarded as an important 
type. Its action is due to (1) the affinity of water for ammonia 
gas, (2) vaporisation of ammonia from its aqueous solution and 
subsequent condensation to liquid ammonia, and (?) vaporisation 
of liquid ammonia, which produces the refrigerating effect, tin? 
gas being again absorbed by water. The following brief descrip¬ 
tion of the plant used may be of interest;— 

Strong ammonia solution (sp. gr., ‘880) contained in a “gene¬ 
rator ” is heated by steam coils carrying steam at 60 to 75 lbs. 
pressure. Ammonia gas and w'ater vapour are thus driven off, 
and pass into the “ analyser,” in which the bulk of the water is 
retained by means of baffle plates, the temperature of which is 
kept at about 180° F. by circulation of the ammonia liquor feed 
on its way to the. generator. The gas then passcii througli a 
“ rectifier,” which reduces its temperature still further, and 
condenses mori“ water, w'hich drains back to the generator. 'I he 
almost anhydrous ammonia gas is then liquefied in a “ condenser,” 
after which it passes through a regulating valve, wdiich reduces 
its pressure from about 160 to 35 lbs. per square inch, into some 
form «f “ cooler,” where, it evaporates and produces the desired 
refrigerating effect. From the ('ooler the gas passes thqyjgh 
another regulating valve into the “ absorber,” where it is ab¬ 
sorbed by weak liquor (from the “ generator ”), which tijckles 
ov|!r water-cooled pipes in an atmosphere /if the gas. The strong, 
liquor so produced, at a temperature of about 120* F., is finally 
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sent back to the “generator,” pas.sing rw. nmir through tho 
“ exchanger ” and “ analyzer.” In the former the weak liquor, 
at about 270° F., on its way to the absorber, separated, of course, 
by coils, meets the strong liquor at a lower temperature—about 
120° F,—on its way to the “ generator,” an economical interchange 
of heat being the result, the temperature of the .strong liquor 
being raised to about 180° F., and that of the weak liquor reduced 
to about 210° F. 

The applications of refiageration are very numerous, the most 
important being for the tran.sportation and storage of perish¬ 
able merchandise both by land and sea. It is also exten.sively 
applietl in cooling in breweries, Mhen the temperature of the 
“ wort ” has to be kept within certain defined limits, so as to 
allow the fermentation to take place under the proper 
conditions. 

MEASUREMENT OF TEMPERATURE.— The hut that two 
quantities of fuel yield the same quantity of energy on combus¬ 
tion, does not imply that the energy they yield is of the same 
intensity—that is, that the heat procluced is at tho same tempera¬ 
ture. It is obvious that the larger the quantity of heat evolved 
by the combustion of a given weight of fuel and the smaller the 
weight of the products of combustion and ash. the higher will be 
the temperature of the burning mass and of its products and ash. 
When the w'eight and the specific heat* of the products of com- 
*bustion are known, it is possible to calculate tlu' ma-vimum 
temperature (the “ calorific intensity ”) which could he ))roduced 
by the combustion of the fuel, when no limiting factor is active. 
In the case of fuel burning in o.xygen free from a diluting gas— 
e.;/., nitrogen—the calculated temperature is considerably higher 
than that of the dissociation of the chief products of combustion, 
CO.j and ILO ; w:hen nitrogen is present (as when air is used) 
the diluting effect of the inert gas is sufficiently great to lower the 
calculated temperature to about the dissociation temperature. 
It is probiible that at industrial high temperatures a portion of 
the gaseous products of combustion is. for a period at least, in 
a state of dissociation. Owing to the, facts that the specific 
heats at high temperatures of the products of combustion of fuel 
are not accurately known, that the amount of dissociation is also 
uncertain, and that loss by conduction and radiation greatly 
increase with rise of ten i)erature, the calculation of the nu«timum 
temperature that shall be produced by a given fuel is futile. 
Direct fheasurement is therefore necessary. 

* * This being, of course,Hakcn at the teraperature.s ceneeineci, at whith it 
is considerably Vigher than at ordinary temperatures. 
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METHODS FOR MEASURING TEMPERATURE inaY be 
clnssillcd as follows ;— 

1. Moasuromonl of altoiation in volume of bodies. 

2. Observation of change of state of .substances. 

Mea.surement of alteration in electrical resistance. 

4. Mea.surement of the E.M.1'. of a thermo-electric coiiiile. 

.Measurement by optical methods. 

(i. Calorintetric measurement. 

1. Tifkino these in order, the fir.st is the method most fre- 
tjnently used, and is that e.xemplitied by the common thermo¬ 
meter, a description of whitdt is here unnece.ssary. An ordinary 
tliermometcr, filled with mercury tind having only mercury 
vapotir in the space above, the mercury column, is ftdrly reliable 
up to 300° C. = 572° F. ; but if higher temperatures arc required, 
the space above the column must be, filled with some inert gas, 
the pressure 6f which will rtiise the boiling point of the mercury. 
Thus, nitrogen-filled thermometers may be used up to about 
400° C. = 752° F., and thermometers containing CO.^ at a pressure 
of 20 atmospheres to 550° C. = 1,022° F. An alloy of sodium 
and potassium, liquid at the ordinary temperature, has also been 
used, on account of its high boiling point, for thermometers up 
to about 600° — 932° F. The accuracy of a thermometer is 

much influenced by the character of the glass usjgd in its con¬ 
struction. Ordinary glass contracts slowly after having been 
blown into bulb form, thus causing a rise in the reading of the 
thermometer. Preparation of the bulb years before use decreases 
this defect. iSpecial glass, prepared at Jena, for which freedom 
from this tendency is claimed, has one of the following composi¬ 
tions ;— 



I. • 

31. 

III. 

SiOg, 



.72 0 

’ ()i)-0 

AM),,. . 


2-5 


10 

Cat), 


7-0 


7-0 

ZnO, 


7-0 

.70-0 

7-0 

Na.O, 


140 


14-0 

K.O, 



O'O 




20 

ll-O 

2-0 



Alcohol thermometers are made for low temperatures,‘but the 
dilatation of alcohol is by no means as regular as that of mercury. 

yhe methods of measuring teraperatuve which^ depend upoi 
the expansion of solids by heat have but little application, as 
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expansion of most solids is small and irregular, needing multi¬ 
plication and correction before it can be utilised for measuring 
temperature. Moreover, when used at higli temperatures, most 
solids are apt to take a permanent set, im])airing subseipient 
observations, unless they are frequently recalibrated. An alter¬ 
ation of volume by rise of temperature—not due to separation 
of molecules, but arising from increase of aggregation by incipient 
sintering, and amounting, therefore, to a contraction instead of 
an expansion—has been used in the clay industries for roughly 
estimating the temperature of kilns. The method, which consi.sts 
in observing the shrinkage of a test ])iece of plastic clay {.see 
Clay Iitdmtries. Vol. II.), was originated by Wedgwood ; the 
clay test piece is measured, after exposure in tlie furnace, bv 
dropping it into a wedge-shaped groove. 

Since the expansion of gases, the critical tcmperatui’cs of 
which are much below the ordinary temperature of tlie air, is for 
ordinary high temperatures approximately regidar for a given 
increment of temperature (viz., of the volume of the gas .at 
0° C. for each degree C.), such gases (e.f/., air a,nd hydrogen) may 
be employed for measuring temperatures by their expansion. 'I'lie 
apparatus necessary consists essentially of a bulb of glass, por¬ 
celain, or platinum, of known volume, which is attached to a 
capillary tube, serving to make connection with the measuring 
part of the apparatus. This bulb is inserted into the s|)ace the 
temperature of which is to be measured, the capillary tube 
protruding for olcservation. The known volume of gas in a gas 
theimiomcter mav be allowed to vary, and its increase of volume 
be measured at constant pressiu’e, or, conversely, the volume 
may be kept constant and the pressure, requisite for this may 
be measured. Certain objections arise to either of these plans 
singly. Thus, in the first case, when the gas is allowed to exjiand 
under constant pressui’e, a portion of it is exjielled from the 
bulb into the measuring part of the apparatus (consisting essen¬ 
tially of an^ndex of liquid in a graduated tube); this portion 
is no longer subjected to the temperature to be measured, so 
that as the temperature rises, a continuallv decreasing quantity 
of gas is being caused to expand in the bulb of the thermometer, 
necessitating a correction; con.sequently the delicacy of the 
instrument decreases with rise of temperature, (since the fraction 
si,, is referred to the ’ olume at 0" C.). In thd secottd*tase, 
wMtee the volume of the gas is kept constant, this objection 
does not^ari.se, but on the other hand, a moderate rise of tem- 
peratiye—e.r/., from 0 ^to 273^ C. = 32° to 523° F.—means a 
l*rge increase of pressure on the bulb, such as one atmosphej'e 
in the case qSoted. The considerable pressure thus caused at 
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high temperatures becomes serious when the material of the bulb 
reaches its point of plasticity. To overcome these objections 
a pyrometer has been devised by Wiborgh (Journ. Soc. Ohem. 
hid., 1889, 214), the principle of which is as follows :—A por¬ 
celain bulb, connected b)' a capillary tube to a manometer, is 
exposed to the temperature to be measured. The gas within it 
is allowed to expand and escape until the temperature of the 
bulb has reached that of the furnace in which the apparatus is 
used. A measured volume of gas, representing a known fraction 
of the volume of the gas in the pyrometer bulb, and being at 
a known temperature lower than that of the bulb (e.g., the tem¬ 
perature of the outer air), is then forced into the heated bulb, 
and the expansion consequent on the rise of temperature ot this 
air i.s measured by the pressure required to balance it: this 
pressure is obtained by raising the mercury in the manometer 
tube, and gives the necessary data for calculating the temperature 
of the main bulb of the apparatus. The following expression 
will represent ttie application of the data :— 



+ V, 



H J- h 



T is the tenqierature to be measured, t that of the portion of air 
forced into the bulb, V the volume of the bulb,*V| the volume 
of the air forced in, H the pressure of the atmosphere at the time 
of ob.servation, and 1i the pressure required to balance that of 
the air which has been forced in, after it has expanded. 

The apparatus necessary is represented diagrammatically by 
the accompanying figure, in which V is the bulb of the instrument, 
B the manometer tube, m, — m the volume of gas driven in, 
and h the height of the column of mercury in the manometer 
balancing the increase of pressure. K is a collapsible rubber 
ball serving to inject the gas and to adjust the manometer level. 

By such an arrangement the objections that are jralid against 
the two types of gas pyrometers described above are avoided. 
For although during the measurement the volume of heated gas 
is kept constant, the'increment of pressure to be measured is 
not large, depending, as it does, on the volume of the small 
quantity of air introduced before each measurement. 

G«w thermometers are available through a large range of tem¬ 
perature, serving both as low temperature thermometers^nd 
as pyrometers, a term applied to thermometers for measuring 
high temperatures. An alternative i^ethod of applying the 
expansion of a gas for the determinatiop of temperature,- whiqji 
requires no special apparatus, consists in heating a refractory 
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vessel of known volume, containing hydrogen, nir, or iodine to 
the temperature to be measured, sealing the exit end of the vessel, 
and ascertaining the cjuantity of gas remaining in the ve.s,sel; 
this determination may be effected either b}' direct weighing of 
the sealecl globe ; or, for air and hydrogen, volumetrically bv 
sweeping it out with a current of hydrogen chloride and measuring 
it over water (in which hydrogen chloride is soluble) : or gravi- 
metrically for hydrogen by oxidation and weighing as water. 
The use of iodine presents the advantage that its vapour is heavv ; 
but as it dissociates above ],(K)0“ C. = 1,832" F. it (cannot b? 
used at high temperatures. 

In yet another method, which can lie made continuous in 
operation and capable of indicating 




lesulte at a distance from the fur¬ 
nace, air, heated to the temperature, 
to be measured, is jiassed througli a. 
small orifice, cooled to a known tem¬ 
perature, and then passed through 
another small orifice of the same 
dimensions as the first. The volume, 
of the air passing both orifices' is the 
same at the orifices, but within the 
intermediate space it undergoes a 
contraction ri^i.stered b}- an altera¬ 
tion of the pressure which the air 
exerts. This pressure is indicated on 
a manometer, if necessary at a dis¬ 
tance. This method is not used now. 

It should bo said that temperature, 
measuremcilt by the gas thermometer 
is still the fundamental method. It 
is too cumbersome, however, for 
technical work; and since it has 
been showi^ that both the resi.stance 
and thermo-couple methods {v.i.) 
give results almost identical with 
those of the gas thermometer, these 
methods have been widely used, and 
have served, in their turn, to standardise the more recent optical 
methods. • ^ 

it. This method depends upon the fact that the change of state 
of a puije substance occurs at a constant temperature when the 
pressure is constant. It usually consists in observing the be- 
^a-viour of substances ^ known melting point or boiling point, 
when a test piece of the substance is exposed to the temperature 


I 


Fig. Ig. 

WiUirgh’.s J’yromrtcr. 

liulb ; J5, manoraolcr ; 

w, - m, v'olume of injcctetl 
; K height of raeroury; 
K, rubber ball. 
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to be measurcil. An example of the method is siivcn in the 
sw tion on VUvj Induslrm, Vol. II.. under the head of Seijer’s 
Nornud CotKts. Alloys of silver, <rold. and i)latinum of known 
melting point are also sometimes used. “Sentimd piiroriielerx” 
mi.xtures of alkali salfs of definite melting points, liave been 
applied in the thermal treatment of steel. 

The following figures constitute a fair range of temperatures 
which can be determined in this way :— 




Cent. Falir. 

I^ead, 

. m.j).. 

325’ = (>17° 

Mercury, . 

b.p., 

358° ^ l)7<)° 

Zinc,.... 

m.p.. 

419’ 78(1’ 

Sulphur. . 

b.p.. 

444° - 831° 

Boric aniiydridc. 

m.jf.. 

577’ ^ 1,071' 

Potassium iodide. 

. m.p.. 

034’ = 1,173’ 

,, bromide, 

. m.p.. 

(>99° 1,299’ 

„ , chloride. 

. m.p.. 

734° = 1,353’ 

Sodium chloride. 

. m.p.. 

800 ’ 1,472 

,, sulphatf', 

m.p., 

883’ = 1,021 ' 

Zinc,.... 

. b.p. (circ,). 

934’ 1,713’ 

Silvei-, 

. m.p.. 

900’ == 1,760 

<^old. 

, m.p.. 

1,002’ 1,944' 

Potassium .'Sulphate, . 

, m.p.. 

1,070’.=,1,958 

Copper, 

. m.p., 

1,083’ .= 1,981 

Palladium, 

. m.p.. 

1.535’ = 2,795 

Platinum. . 

m.p., 

1,710° = 3,110 

Iridium, 

. m.p.. 

2.20;>t = 3,997”* 

Tantalum. 

m.p.. 

2,250° = 4,082 ’ 

Carbon, 

. m.p. (circ.), 

3,500° = 6,332 


3. The electrical resistance of a pure metal increases with the 
temperature, a fact which has been utilised for the determination 
of temperatures by measuring the resistance of a platinum wire 
exposed to the temperature to be ascertained. The modern form 
of the instrument is due to Callendar and Griffiths. It is shown 
in diagram in Fig. 13, and consists essentially of a fine platinum 
wire, P, wound on a mica frame, and enclosed in a doubly-glazed 
porcelain or in a quartz tube. This fine platinum ,wire is con¬ 
nected to two stouter wires, which terminate in screws at the 
base of the actual pyrometer tube, where they are joined to 
ordinary copper leads.' In order to allow for the varying resist¬ 
ance of the leads, two platinum wires, L, exactly similar to the 
first two, but directly connected together, are placed in the 
pyroweter tube, and joined at its end to two copper leads similar 
to the other pair. The four copper leads are connected to<»a 
resistance box of the usual pattern. In the diagram, C mdicates 
the Weston cadmium cell generally u^ed to give a constant 
current, G the galvanometer, B the bridge itself with its sliding 
* According to Nernst ; Rasch gives 2,285°_C. = 4145° i\ 
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contact. R, and two equal resistances in two iinti.s of the 
circuit, and R.^ another resistance partly balancing that of the 
tine wire P in the third arm. The resistance of the fine platinum 
wire is usually determined at two knonn teni]>eralures— e.g., 
0“ and 10(J° C. (32“ and 212° F.) and at the unknown temperature. 
As the variation in the resistance over a known range, is thus 
determined, and the resistance of platinum varies according to 
a known formula, the unknown temperature can be computed. 

I. When a junction of two dissimilar metals is heated to a 
temperature above that of their remote ends, an electrical current 
is generated in any circuit connecting them, the B.M.F. of which 
is |)rdportional to the difference of hunpei'ature between the 
heated junction and the ])ortions of the metal ])ieces which 
are kept cool. The measurement of the E.M.F. will, therefore, 
.serve as a measurement of this ditfenmee of tcmperatiiiv. This 
primiple has long been 
used in the case of the 
tlierinopih', which cousi.sts 
of several .such thermo- 
electri<’ couples arranged 
so that on(‘ set of juui- 
tions to be he.ittd iiiay be 
exposed to tl^e soun e ol 
heat the temperature of 
hvhich is to be measured, 
the other .set being a.llow(‘il 
to remain cold, or in((‘n- 
tionally kept so. 'I'he. 
older forms of theianopile 
were made of metals 
giving an E.M.F. rela¬ 
tively considerable—c.y., bi.smuth and a.nti]m)uy. 'I’he fusi¬ 
bility of these subst.a.nces prevented tlieir aj)j)licalioa to the 
measureme»t of high temperatuivs. Ih)!' |)vrometric. work, a 
couple con.sisting of platinum and an alloy of platinum with 
10 per cent, of rhodium or 10 per cent, of iridium is used. The 
former can be used u(i to l,b00“ tl (2,912' h.), whereas the latter 
is accurate only up t(t about 1,-100° (2,552° h.), but it has the 

advantage of giving a higher E.M.F. than the first, and is^ery 
widely used. Besides i! e.sc, a copper-constantan * couple' witli 
a liigii E.M.F. is used for temperatures up to 500° C. (932° F.), 
and iroif-carbon or nickel-t.’arbou are occasionally u.sed (for the 
sake i«f cheapness) at ir<ermediate temperatures. The couple is 

* * CoiKstantan is an alloy* containing 60 per cent, of copper and 40 *of 
nickel. If is ii-sed for resistance wire a.s well as for thermo-couples. 
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exposed to the teraperatuTC to be measured and the current 
t!eneratcd is passed tlirough a high resistance rerteeting galvano¬ 
meter, the deflection.s of which are, ju'oportional to the E.M.F. 
of the current (on account of the high resistance of the circuit), 
a,nd, therefore, vary with the temperature to which the couple 
is exposed. The instrument is calibrated by immersing the 
junction in substances of known fusing point. Both resistance 
and thermo-couple pyrometers lend themselves to continuous 
recording of temperature. This was formerly effected photo¬ 
graphically, but is done mechanically in all modern instruments. 
For this purpose, the galvanometer needle is depressed at fixed 
intervals of time against a cylinder of scpiared paper revolved by 
< lockwork ; by the aid of an inked ribbon or thread a fixed 
point on the needle makes a mark on the paper, which indicates 
the. temperature. 

Electrical pyrometers are used for such purposes as the deter¬ 
mination of the temperature of the hot blast from ('owper’s 
stove (sec Iron), annealing furnaces, flue-gases, <-old-storage 
rooms, etc. 

5. Optical methods of measuring temperatures are linding 
increasing application to furnace work. A rough estimation of 
temperature by the eye has long been in use in‘the arts, but the 
estimated values were much too high. In the following table, 
the usual technical names and the con'esponding measured 
temperatures are given ;— 

I I'lit. Kahr. 


Just visible rodiiesH, 
Duff red, . 

Ch(Try red, 

Bright red. 

Orange, 

Light yellow. 

White, 


475“ V. - 878“ F. 

.5.70-(ii7" 1,022-1,1.57“ 

700" - 1,292“ 

8.50" 1,002" 

900-1,000“= 1,0.52-1,832“ 
1,050“ -= 1,922" 

1,150" = 2,102" 


This method of judging temperatures is too subjective to be of 
much value. 

Lc Chatelier was the first to attempt the measurement of the 
light emitted by incaridescent bodies photometrically, and more 
recently several instruments have been constructed which measure 
high temperatures with an error of only about 10° C. = 18° F. 
ofkes. They all depend on the Stephen-Bolzmann law, according 
to which 

E = K (T^ - V); 

where E is the total energy radiated byi a body at absolute tem¬ 
perature T to surroundings at absolute temperature Tj, and 
K is a constant depending on the units used. This law is true 
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, ttnly for the light uidiated by a perfectly black body, bright 
bodies radiating less light. It has been shown, howevei’. that 
hollow furnace chambers of oven temperature, even when tilled 
with Haine. behave as black bodies, ])rovided that t he ob.serv.ation 
hole is small compared with the distance to the nearest solid 
bodv behind it. .Moreover, in many industrial cases, onl\- com¬ 
parative measurements are, di^sircd, and in such cases what is 
known as the “ black-body temperature ”—/.<>., the temperature 
of a bright body indicated optically—a.lthough consider.ablv 
below the real temperature of the bright body, will givi' accurate 
■comparative indications. 'I’hc distance of tiui instrument from 
the hbt body or furnace apertui'c is of less importance’ th.in might 
at first sight bie suppo.sed. In pra.cticc the image of the, hot 
body is never focussed to a ]>oint; hence, as long as the imago 
formed is sullicientlv large to overlap tlu' spot viiswed or the. 
point of the thermo-couple (?’./.), its a,ctua,l size and <'onse(|uently 
the distance, from the hot body is of no importa,nce. To secure 
this, the size of the hot body should bear a certain minimum 
rehition (stated with ea,ch instrument) to the distance of the 
pyrometer from it. 

.4s regards the actual instrument used, in Wanner’s pvi'ometei' 
the light from the fiot body is polarised, and that part of the 
light correspoijding to Fraunhofer's line 0 (red light) is compared 
with .similar light obtained from a .small electric incande.scent 
•lamp. To avoid errors due to changes in the carbon filament of 
the latter, it is companal, from time to time, with the light 
emitted from a standard amyl acetate lamp. In the Fdry radi¬ 
ation pyrometer, an image of the hot body is focus.scd on to the 
end of a copper-constantan thermo-couple, which is connected 
with a galvanometer. Thi.s form of instrument is often used 
with a recording arrangement (u..s'.). The Fdry absorption pyro¬ 
meter is a h'.ss accurate instrument, in which the light from the 
hot body is brought to the same, degree of intensity as light from 
a standard*lump by interposing a pair of wedges of absorbing 
glass to a greater or less e.xterit. The first two pyrometers, on 
account of their freedom from breakage and comparative ae(;uracv, 
are, widely used ; tin? third form is occasionally useful for measur¬ 
ing the temperature of small but intensely hot bodies—e.g., 
electric light filaments. For measuring tempe/’atures i^vo 
2,000° C., all three, instruments are provided with reducing 
dSiphragms, or standard absorbents. 

(i. A method differing essentially from any of the foregoing is 
the calorimetric method# in which a given weight of a substance 
•f known specific heaU is raised in temperature to that to be 
measured, and' then cooled by immersion in a known weight of 
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water, tLe rise ot temperature of which is uscertaiiied. The 
most suitable substance for this purpose is platinum, tlie specific 
heat of which is known witli fair accunw’v between O’’ C'. and 
1,20((' C. = 32' and 2,102'' F., being 0‘03350 at the former tern-' 
peraturc and 0‘()3818 at tlie latter. This method is naturally 
discontinuous unless several apparatus be employed in 
succ(!Ssion. 

A modification consists in the use of a stream of water ot 
known temjierature circulating tlirough a copper tube coiled in 
the space tlie tempi'raturc of which is to be determined. By a 
knowledge of the ijuantity of water (lowing, of the difl'erence of 
its temperature at inllux and efllu.x. and of the specific heat of 
water, the number of ealories imparted through the copper tube 
can be a.scertained. This can be translated into temperature 
after the indications of the instrument have been staudardiseil 
by observing its readings in ii furnace, the temperature of which 
is gauged by its ability to fuse substances of known meliing 
point. A variation of this method, especially applicable to hot 
blast stoves, consists in diluting the hot blast with a known 
proportion of cool air of known temjierature and reading the 
temperature of the mi.xture. 

Wiborgh’s thermophones do not belong to any of the above 
classes. They consist of small cylinders of fireclgy or graphite 
filled with an e.vplosive mi.xture. and explode w ith a sharp report 
when thrown into a furnace, at the end of an interval of time' 
corresponding with the temperature. 

Since modern methods of pyrometry, especially the use of the 
the.rmo-electric apjiaratus, have been available, it has been found 
that most industrial temjieraturcs are lower than was formerly 


supposed. The following are given on 
Chatelier * : — 

the j 

(.Viil. 

utliority of Le- 

Fall!'. 

Melting ixtliit ol' grey iron, 


1,1220 

- 2 228 

,, ,, ingot iron ((.! trl. jut 


l,<7.’) 

•2,()S7 

,, „ hard steel ((' - Oil [ler 

cent.). 

1,410 

3,.'. 70 

liessemcr eonveiier (at linish), 


l,.->HO 

•- 3,H7(> 

Open Itearth steci furnace (,ai tapjiing). 



. 2,870 

ClucibU* steel furnace. . 



. 2.912' 

Puddling (teiniu'iaturc of bloom), . 


t,:iar 

V- 2,420 

Jihrst luriiaco (in front ol tu vit), 


l.iKtO 

-- 3,r)0t> 

Ci iuy^le glass fuvnace, . 
piemens’ tank glass furnace, . 


1,37-. 

2,507 


1,400 

- 2,.552- 

Hard porcelain furnace, . 


1,370 

-• 2,498' 1 

Incandescent carbon lamp lilament,. 

l,MHr to 

2,UMI 

■■■■■ 3,270 ,to 3.812 


'* These ligui'es, which were obtained in ISili. are retained tiere ^hieflv 
iof their historical iiitorc«t. They have been well conlinuqd, oii tlic* whok^ 
by more recent measurements. 
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DIRECT CONVERSION OF CHEMICAL ENERGY INTO 
ELECTRICAL ENERGY. —Certain chemical reactions, capable 
of causing evolution, of heat, can be made to t.ikc place under 
such Conditions that a portion of the heat appears as electrical 
energy. Thus, when 65 grams of zinc are dis.soh^ed in dilute 
sulphuric acid under ordinary conditions 37 Cal. are evolved, and 
no current which can be utilised is generated. W'hen, however, 
zinc is allowed to dissolve in a cell containing a piece of 
platinum,* and is connected with this platinum by an external 
wire, a smaller cpiantity of heat is evolved in the cell, and the 
balance of the energy represented by the 37 Cal. due to the 
dissolution of the zinc appears a.s electrical energv in the wire. 
That fraction of the chemical energy liberated by tlu! dissolution 
of the zinc which appears as electric al energy varies according to 
the nature of the substance used as the opposing el(j(drode. \V’hcn 
this substance is chemically inert, as are platinum and carbon for 
instance, the fraction of energ}' converted into electrical energy 
is large, the reverse being true when the substance forming the 
opposing electrode is comparatively active— e.ij., copper. Since 
the action of a simple cell causes a film of hydrogen to be deposited 
on the plate opposing the zinc, this plate becomes, to all intents 
and purposes, equivalent to one of hydrogen, a substance less 
inert than tte subjacent material. The fraction of chemical 
, energy converted into electrical energy by a cell having a plate 
thus “ polarised ” by a film of hydrogen is smaller than that 
proper to the couple originally composing the cell. Mechanical 
<levice.s, such as roughening the platinum, and thus preventing 
the attachment of hydrogen, are moderately clTectivc in miti¬ 
gating this drawback. 

A given quantity of zinc, dis.solving under smdi conditions 
that it generates a current of electricity, always produces the 
same quantity of electricity, but the pressure at which this 
quantity is delivered varies according to the nature of the elec¬ 
trode opposing the zinc, an unattackable electrode giving a 
higher electrical pressure (E.M.F.) than one susceptible of 
attack. It must be remembered that Siectrical energy is the 
product of a quantity of electricity into electrical pressure 
(quantity X E.M.F.). Whence it follows that as the quantity 
is constant for the dissolution of a given weight of zinoj-ihe 
corresponding amount of electrical energy produced varies 
directly, with the E.M.F. of the couple (zinc and th(! opposing 
electrode). 

^ 'I'ht dis.solution of in dilute sulphuric consists, in effect, 

* Which .shnuicl be platini.sed to facilitate, by llie roughness of the surface, 
the escape of liydrogen due to the dissolution of tlie zinc. 
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in the oxidation of zinc accoini)aniod by the reduction of water 
with liberation of hydrogen. For simplicity’s sake, the .small 
energy changes due to the subseejuent formation of zinc sulpliatc 
need not be considered licre. The energy available for con¬ 
version into electrical energy in a simple cell, in which zinc is 
thus dissolved, is, therefore, measured by tlie difference between 
the heat of formation of ZnO and of 11.,0 (85'8 — 08'1 = 17"I 

Cal.). It is plain that if the hydrogen can be prevented from 
escaping free from an electrical cell, but. on the contrary, is 
burnt in the cell, the minus quantity in the above equation is 
reduced or eliminated. T’his condition is secured by thp use 
of compound cells, in which the hydrogen that would othei wise 
appear at tin? electrode opposed to the zinc is suppressed thereat 
by a suitable oxidant. Such a suppression of hydrogen not 
only yields a Jarger fraction of the chemical energy as electriciil 
(•nergy, but obviates the necessity for preventing polarisation of 
the, electrode opposing the zinc by means of mechanical rough¬ 
ening of the j)late, for dc])olarisation is elTected /Kiri jKiasu with 
the supprttssion of the hydrogen. 

The Daniell cell is a typical compound is'll. It consi.st.s 
of zinc in zinc sulphate or dilute sulphuric ttcid. and copper in 
copper sulphate, the two liqtiids being separated by a porous 
l)ot. The fundamental cheitiical changes consist «n the di.ssolu- 
tion of zinc in the form of sulphate in one' compartinent, and tiny 
depoiiition of copper from the sulphate, in the metallic state in 
the other compartment : the balance of chemical eni'rgy capabh- 
of conversion into electrical energy is rejn-esented by th(' differ¬ 
ence between the heats of formation of ZmSO, ami Cii.'sO,,* in 
solution—that is, •_’18'u ■■ lt)8'l = .oO-l Cal. in this case tin* 
hydrogen is suppressed by the action of the copper sulphate in 
the copper comy)artment of the cell, and its e((uivalent of co]>))cr 
is precipitated upon the copicer electrode ; the whoh^ of the 
energy represented by the hydrogen is, therefore, not utilised, 
as copper is reduced in its place. For a cell thiVs working, 
with elimination of copper instead of hydrogen, the Daiiielt 
cell is remarkably eHicient. inasmuch as the (|uantity of 
electrieity corresponding with the dissolution of a. given weight 
of zinc is delivered bv this coll at the maximum po.s.siblo 
E.hfeF. 

Since the chemical energy of ti Daniell cell is e<|uivalent Jo 
50'1 Cal. for the dissolution of fiu grams of zinc, and since 1 unit 
of electrical energy (I unit of (|uantity x I unit of pressure) 
is equal to ()’2+l gram unit of heat^^ the electrical rtiergy 


* Molecular quantities, expressed in grains. 
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con-esponding with the chemical energy of a Diiniell cell is 


50-1 X HKK) 
0-241 


207,!KJ0 (nearly) t'lcctrical units of energy. 


Seeing that 1 gram equivalent (32-5 grams) of zinc, in accordance 
with Faraday’s law, corresponds with 96,540 units of electrical 
quantity (coulombs), the E.M.F. tit which this electrical quantity 
must be delivered in order to be equtd to the total electrical 
energy is 

207,000 

.... -x . , - 1-07 imits of eleclricnl pressure. Hint is, volts. 

, 00,540 X 2 I • • 

Other forms of compound cells arc used in which zinc is the 
metal attacked, :ind thus employed as a source of energy, whilst 
the opposing electrode may be composed of various materials, 
and be immersed in several distinct depolarisers. Thus, the 
Grove cell consists of a plate of zinc immersed in dilute sulphuric 
acid and one of platinum immersed in strong nitric acid, the 
two liquids being separated by a porous cell. The Bunsen cell 
is identical with the Grove, save that carbon is substituted for 
platinum. In both cases the hydrogen that tends to appear 
at the unattacljcd electrode is oxidised by nitric acid, and serves 
as a direct source of increased E.M.F. in the manner described 
above ; since, however, the reaction causing the oxidation of 
the hydrogen involves separation of no substance pos.sessiug 
(as does the copper in the Ganiell cell) any con.sidcrable amount 
of chemical energy, a larger E.M.F. (I'O to 2 volts) is obtained, 
and a more complete, conversion of the chemical energy of the 
zinc into electrical energy is secured. 

Other tnaterials that arc unattacked by strong nitric acid — 
e.y., iron and aluminium—may be sub.stituted for carbon or 
platinum, but are generally less convenient and reliable. 

Chromic acid is sometimes used as a depolariser and as an 
oxidant f^r the hydrogen, and has the advantage «i being avail¬ 
able in a simple cell, because, unlike nitric acid, it has no violent 
action on zinc and can be allowed direct contact with this metal 
as well as -with the opposing plate, usually carbon ; thus a 
bichromate cell in its simple form consists merely of a zinc plate 
and one of carbon immersed in a solution of chromic acid, to 
which has been added sulphuric or hydrochloric at-id. An Bfftl.F. 
hf about 2 volts is thus obtained, and the internal resistaniio 
of the* cell may be made very low, as no septum is requisite. 
But^s the zinc dissolves to some extent, if exposed to the chromic 
I acid mixture, even vnhen no current is being used, a porou8,pot 
surrounding the carbon and containing chromic acid solution is 
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an advantage, the zinc in this ca.sc being immersed in dilute 
hydrochloric acid. If the porous pot is dispensed with, the 
zinc is always withdrawn from the solution wlum the battery is 
not in use. Such “ jdunging ” batteries are used for discon¬ 
tinuous work. The o.xidation of hydrogtm by chromic acid 
results in the formation of chromic sulphate when sulphuric 
acid is present, and chromic chloride when hydrochloric aciit is 
used. In the former lase, should bichromate of potash have 
been taken as the source of chromic acid, hard crystals of chronn' 
alum (KCr(S0|).,. I211.,0) are formed and adlunv to the plates, 
impeding the action of the battery. The use of chromic acid, 
or of hydrochloric acid in ])lace of sulphuric acid, is, therefore, 
pia'ferable, 

A form of cell in which a solid depolariser is used is the 
Leclanche, which consists of zinc imnieised in a solution ol 
ammonium chloride, and carbon, surrounded with fragments of 
manganese dioxide, in the same solution. The function of the 
manganese dioxide is to oxidise the hydrogen which would 
otherwise appear at the carbon ; the lower oxide of manganese 
thus produced is re-oxidised by atmospheric oxygen, which thus 
becomes the true deimlariser. The fact that the l.eclanche ( ell, 
when used for a considerable outjmt of current, speedily becomes 
cxhaustc'd and recovers its efficiency on standing, Jends .supjxu't 
to this view of the action of the mangane.se dioxide. 'I'he chemical 
reaction concerm'd in the dissolution of zinc in ammonium ' 
chloride results in the formation of zinc cldorid<>, ammonia, 
and hydrogen. I'he last named is oxidised as stated above, 
■whilst th(! ammonia and zinc chloride when present in considerable 
quantity, as in an exhausted battery solution, combine to form 
the compound ZnCl.,. N.I[,;A(|, which separates in needie-.shaped 
crystals. The E.M.F. of a fjcclancla^ cell is about I'l volts. 

Zinc is sometimes us(h1 in alkaline exciting li(iuids, this plan 
being feasible on account of the solubility of zinc oxide; in caustic 
alkalies. A cell of this type is fornual by zinc in ciWistic soda 
and carbon in the same liquid, the depolari.ser being cupric oxide, 
which is rcxluced to metallic cop])er. 'I'he E.M.b'. is comparatively 
low—under 1 volt. 

Whenever zinc is used in a galvanic cell, ('xcited by an acid 
liquid, it is economical to amalgamate the zinc—that is, to coat 
it wTEfrmereury.' The reason for this treatment is that commercial 
zinc contains impurities, notably load, which are eleetro-negativir 
to it, and with it form local couples which cause the dissolution 
of the zinc without contributing to the maip output of eleetriiity. 
The, action of the mercuiy appears to be to dissolve the surfaci 
layer of the zinc, and thus to render all parts uniform in texturi 
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ami composition. Tlic (liflVri'm c in boliaviour between amalga¬ 
mated zinc and zinc not tiius treated is sliown bv tiie fact that 
when iintiUTS(>d alone in dilute sulphuric acid the amalgamated 
zinc is not perceptibly attacked, whereas the unamalgainated 
metal is freely dissolved. 

In a properly arranged cell the < hentical energy of zinc can be 
alnio.st completely converted into electrical energy, but the 
money cost of the zinc, together with that of the iteces.sary 
exciting and di'polarising li<)uids, is prohibitory of its employ¬ 
ment as a source of energy on a commercial scale. 

A conipari.son of the energy available for mechanical work 
obtained by burning zin<' in a galvanic cell and carbon beneath 
a boiler, gives the following results :—65 grams of zinc used in 
a Daniell’s cell (which would probably cost least, of all known 
combinations, for depolarising solutions) will give electrical 
energy equal to 5()'l Cal.* This is convertible, wkh a loss not 
exceeding 10 per cent., into mechanical evork by the use of an 
electrii; motor, the final output being, therefore, an amount of 
mechanical work equal to IS'] Cal, The .same weight of carbon 
w ill give 620 Cal, when burnt ; about 10 per cent, of this energy 
■—that is, 52 Cal,—is convertible into mechanical work through 
the medium of a‘boiler and steam engine. From this it wilt be 
seen that, even,werc the cost of carbon and zinc, per unit weight 
identi(!al, the balance of advantage* would bo on the side of the 
farbon ; as a fact, the lost of zinc is about fifty limes that of 
< arbon in the form of coal, a relation which shows that the com¬ 
mercial adoption of zinc as a source of energy is imjjracticuble.f 

Attempts to utilise the chemical energy of iron for the direct 
production of electrical energy have led to but little result, on 
account of the impossibility of amalgamating iron and the conse¬ 
quent uncontrollable rate of dissolution in acid which occurs 
when iron is used as the attackable plate of the cell. 

Aluminium, when used as a source of electrical energy, has 
the advantaige of a high heat of oxidation, a high valency, and 
low atomic weight (involving a large output of energy for a 
small weight of metal), and a low specific gravity. It is difficult 
of application, because w'hen amalgamated its rate of dissolution 
is increased instead of being controlled. 

* It’ oxidised directly without causing the leduction j>1‘ %n (‘(juivalenU'• 
co^)per, an increased outjiit—viz.. 8.“) Cal. (Zn,0 • 8.‘> Cal.)—would be 
obtained, but no cell is known which is capable ol‘ using air as a dejMjluri'er 
for continuous working. 

t yii^‘e the })ioduct of the oxidation of zinc (ZnO) is of more moiie}’ value 
than that of the oxidation carbon, project-s have lasen fornied to prepare 
,zinc white by the oxidation of zinc in a cell, utilising the electrical enei;gy 
as a bye-])roduct, but* they have not proved remuncrativf*. 



122 


THK CHEMISTRY OF THE SOCRCES OF EXEROV. 


Tlu‘V(* is no inliciTiit reason wliy the (■hemie:il enevey evolved 
by the oxidation of carbon should not be dins tly converted into 
electrical energy. If this could be done with (;von moderate 
success, a higher output of mechanical work than the 10 per cent, 
now commonly obtained from the combu.stion of coal, could be 
readily achieved, for the use of an electric motor allows of an 
output of about 00 per cent, of the, energy supplied to it. Attempts 
in this direction have already been mad('. 'I'he type of apparatus 
used consists of a carbon ])late immersed in fused sodium nitr.it<‘. 
opposed to an iron plate in the same li(juid. Under the.se con¬ 
ditions the carbon is oxidised at the expense of the. nitrate, 
whilst the iron is only superficially attacked. An out^ml of 
about 30 per cent, of the calculated possible ((uanlity of electrical 
energy has been thus obtained. I’lie chief dilKculties in utilising 
such an anangement are the irregular o.xidation and disinte¬ 
gration of tte carbon. It is obvious that the nitrate is used 
))ending the achievement of success in employing the oxygen 
of the air as an oxidant for the carbon ; the cost of the process 
is much enhanced bv this use of a comparatively expensive form 
of oxygen. 

A secondary cell is one which can be regenerated, after it 
has furnished its full output (d. current, by •the passage of a 
current from an external source in the reverse direction to the 
original current : the original condition of the plates is thus 
re.stored. and the cell made tit for .a further output; such a ceK 
can be used for the storage of (mergy (storage cell). 

Any one of the primary cells, sucii as hav(! been described 
above, if depending for its action upon chemical changes which 
can be la^versed by the pas.sage through lh(' cell of a curre.nt ctf 
electricitv fr<im an external source, in a direction the reverse of 
that taken by the current generated by tlu' cell itself, can be 
emploved as a .secondary or storage cell (accumulator). 'I’hose 
cells in which zinc is the attacked metal (urdess used in alkaline 
solutions) are not suitable for employment as seccyidary cells, 
because zinc is not readily deposited from a solution containing 
a mineral acid, .so that the chemical change induced by a reversed 
current will tak(; the form of the decomposition of the water in 
the cell, and will not go so far as the reduction and regeneration 
of the zini'. In the ease of a compound primary cell, the re- 
gSIWration of'the depolariser is also requisite if the cell is to la; 
used as a secondary cell. This is impracticable with nitric ac^id 
and chromic; acid cells, but it is possible with a cell using copper 
sulphate as a depolariser; nevertheles;^ the Daniell cell (is not 
reversible because the zinc cannot be redwed in the acid solutioa. 
Tnc cell consisting of zinc in caustic alkali, and carbon in the 



CONVBRSION OF CHEMICAL INTO ELECTRICAL ENEROV. 123 


same liquid, with CuO as a depolarise]-, is, however, revorsihle, 
inasmuch as zinc can be deposited from an alkaline solution. 

The only form of storage battery of commercial importance is 
that in which lead is used as the attackable metal, and lead per¬ 
oxide as the depolarise]-. A cell of this class resolves itself, 
therefore, into a plate of lead covered with spongy lead, opposed 
to a second plate of lead covered with lead peroxide, the two 
plates being immersed in dilute sulphuric acid (specili(- gravity, 
1'18). When this cell is allowed to supply a cun-e]it by closing 
the circuit between the. electrodes, '.the spongy lead is oxidised 
and the lead peroxide is reduced ; in each case lead sulphate 
is the‘final product. The E.M.F. prodiu-ed by this chemical 
change is between 2 and 2-2 volts. Assuming the complete 
conversion of the surface of both plates into lead sulphate by 
the discharge of the cell, the calculated E.M.F. i.s over 3 volts, 
whilst if the spongy lead plate be alone converU'd into lead 
sulphate, an h].M.F. of about 2 volts should result. It is probable 
that, owing to the insolubility of the sulphate, a coa.ting of the 
lead or the lead oxide with lead sulphate takes j)lace, and the 
conversion on both plates is not complete, (-ausing the production 
of an E.M.F. intermediate between these calculated li]nits. 

Many forms of lead and lead peroxide secondary cells have 
been devised, imt their difference is mechanical rather than 
chemical. The fundamental type of secondary cells is the 
Flantk, in which the formation of spongy lead and lead ])croxide 
on opposing plates is effected by “ forming ” the cell by alter¬ 
nately charging it from a dynamo and discharging it; these 
repeated reversals gradually convert the lead into a spongy state, 
suitable for rapid oxidation and reduction. 'I’lie modilic-ations 
of this fundamental form include cells of the Faure type, in which 
the spongy lead and lead peroxide are produced by the electrolysia 
of lead oxide (generally red lead) applied as a paste to tin; surface 
of the lead plates ; and modifications of this, in which the active 
material is held in reco.sse.s in a lead grid, or as jjlugs in a skeleton 
lead plate, have been devised. 

The efficiency of a good secondary cell is about 80 per cent., 
reckoned on the. electrical i-nergy put i]ito it. In spite of this 
good result, the commercial efficiency is often low, from the co.st 
of repairs, due to the buckling of the plates iind separation of 
tjje active material from its .support. Where ac(’umulators Are 
used as a portable store of energy, their great weight—due 
to the high specific gi-avity and atomic weight and conipara- 
tivel)* low valency of ^ad (Pb")—is seriously detrimental. In 
Spite of this, no metifl has hitherto been found effective a^a 
substitute for lead, entirely for chemical reasons. 
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Another form of storuiie battery, not yet of i)ra('tieal import 
ante, is that known as Grove's gas battery. If a- current of 
eleetTi< ity be passed into an ordinary voltameter, consisting of 
two platinum plates immersed in dilute sulphuric acid, and if, 
after some dc'composition of water into Jl, and f) has taken place, 
the |)latinum electrodes be disconnected from the source of current 
and couphal to the tcj’ininals of a galvanometer, it will be found 
that a, < urrent is generat(‘d in the voltameter, and flows in a 
<lir(M‘tion the rever.se of that of the charging current. 'I'his i.s 
due to the fact that each platinum electrode absorl)s a portion of 
the gas (11 and O respectively) evolved at its surfa-c(t ; the hydro¬ 
gen contained in the oin* platinum plate behaves as the ‘ittack- 
able metal of an ordinary cell, whilst tin' oxygen in the other 
plate acts as the depolaris(T of the same cell. The condition and 
action of the plates of this cell are perfectly analogous to those 
of the platefiof a lead storage battery. Th(> (|uantity of <'nergv 
which can be tints stored is limited by the amount of II .and () 
absorbabht by the platinum plates, wliich for plates of orditiarv 
dimensions is small. Bv the >ise of a platinutn ])late coated with 
platinum black tind supplied with hydrogen, opitoscd to a simil.ar 
plate stipplied with oxygen, both in contact with an electrolyte 
— dilute! stilphuric .acid—a constant current can be main¬ 
tained, the E..M.F. of whi(!h corre.sponds withjlitit calcuhited 
from the heat of combination of the elements of water. 

An attempt has been niad(! by Mond to utilise this form of cell 
for the dir(!ct conversion of the chemical energy of hydrogen into 
electrical energv. The hvdrogen for this i)uri)ose is prepared fiom 
.si'Hii-water gas (</.'■.) by removing the (X) and hydrocarbons, 
which it contains in addition to hydrogen. This is done by 
passing the gas over pumicestone coated with finely-divided 
nickel or cobalt at a temperature of 350' to 100“ (.'. = 1)62“ to 
7.52' K. in the case of the former, and 100' to -150' (,'. = 752' to 
812“ F. for the latter ; the chemical reactions involved are of the 
form— » 

2CO -i- ,N'b ■ ■ -N’i.t' i 00- and Nb ■ Ni,,I- H„. 

• 

XV hen the pumice coated with nickel has become clogged with 
deposited carbon, it can be revivified by the pa.ssage of steam 
■acgprdina to tlie equation— 

,\i,C -}- 2H-() Nb d- CO- -I- 2H.;. 

By such means, gas containing 36 to JO per cent, of Ht and 
almost completely free from" CXI and ^lydrocarbons, can b« 
obtained. 
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This gas is supplied to a form of gas battery eonsi.stiug of 
thin platinum leaf, finely perforated and covered with a film of 
platinum black, separated by a diaphragm of plaster of Paris 
(which is saturated with dilute sulphuric acid) from a similarly 
prepared platinum leaf; the second leaf is supplied with air. 
which serves as the dcpolariser. A current corresponding with 
about 50 per cent, of the calculated chemical energy can be thus 
obtained. Hourly reversals of the diri'ction of the passage of 
the air and hydrogen, and, therefore, of the cun-eiit. arc necessary 
to prevent the transference of tlie sulphuric acid from one side 
of each cell to the other by electric osmosis.* The costly and 
delicate* nature of the apparatus re(|uired is against the succe.ssful 
application of this method. 

One other in.stanco of tlic use, of a gaseous dcpolariser is afforded 
by the chlorine battery, in which gaseous chlorine is applied as 
a depolarise!' to a carbon electrode in an ordinary celi. 

Edison’s secondary cell consists of iron and nickel plates or 
iron and nickel-cobalt plates in a caustic soda electrolyte. This 
cell has not yet been practically successful. 

Formerly, the only method used on a considerable scale lor 
obtaining electrical energy from the chemical energy of fuel was 
that in which thc> fuel is burnt beneath a boiler which Bup])lies 
steam to an engine, which in turn drives a dynamo. The 
chemistry of steam-raising will be treated of below. At present, 
it is often more economica.1 to use gas engines with the, necessary 
producers. Decision between the use of a, steam and gas plant 
depends on conditions proper to each case ; no general directions 
can be given. A point of much importance connected with the 
economy of the dynamo is, however, of chemical interest, and 
must be mentioned here. It has been found that the eliiciency 
of the. iron used for field magnets and armatures of dynamos 
varies with its magnetic properties ; the more rapid and complete 
its magnetissation and demagnetisation, the better the results 
obtained. Jfo ((uaiititative relation has yet been arrived at for 
the influence of the impurities present in commercial iron on its 
magnetic properties; but, qualitatively speakingi, the more 
nearly pure the iron, the greater the rale of magnetic change 
and the smaller the amount of residual magnetism which it 
retains. A full discussion of this matter would be out of place 
in a work of this scojac The selection of a suitable'i.ietal or alift'? 
for the commutator and brushes of the dynamo is obviously also 
a chemiftil matter. 

* Tins term is aj>j)li('d to Bie lioililv It an.sfeieiice of an electrolyte tltrotigh 
* porous septum : this Ls caused by the passage of a current, aiul takesjthj e 
ia the Uirection in which the current Hows. 
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NATURAL FORMS OF KINETIC ENERGY. 'I’lu- foirgoing 
examples of soiii< es of energy availabk' for industrial puri>oso8 
are in.stances of potential energy cajjable ()f becoming kinetic 
when subjected to siiitabb- conditions. 'I’bey an? examples of a 
particular kind of energy—namely, cliemical energy--and, 
generallv. tln^ liist step to tlieir utilisation is their conversion into 
heat. Jn less general language; they are ca.ses of the energy of 
fuel which is a vailable for the production of heat by direct burning. 
In th<)S(‘ sources of energy which we, arc about to consider. th<! 
energv is not ))otential but kinetic—that is. it is actually in 
course; eef being e'xpcneled without the intervention of human 
agone v. anel its utiliseitieen ean, theTcfore-. be h'.ss easily rehulatesl 
than that of the; energy whie h is h)e keel up in fued. A e-eene rete; 
e-ase eef a. form e)f kinetic emeergy whiedi e'xists een the; eeirth ;inel is 
put te» inelnstriid use. is that manifeste-el in ei riveT eer a wate;rfall. 
It is e ertain, that the- e-ne;rgy repre-sente,-el by the flowing wate;r 
will be expended whether it be turned to commercial account or 
not, whereas a seam of coal is a form of energy stored in ei manner 
so perfect that it may remain potential for an indefinite perioef, 
provided it be not mined and burned. The chief natural forms 
of kinetic energy are as follows :— 

Water Power. —Water power has been used*from early times 
to drive flour mills ; in more recent times it h^is been u.sed to 
work saw-mills. At present the generation of electricity is by 
far its most important use. Running water of all kinds may b« 
utilised for obtaining energy in an applicable form. The main 
conditions of success and economy are that the quantity shall be 
large, the fall in a given length of the watercourse considerable, 
and the flow approximately constant. The mean quantity per 
unit of time cannot usually be artificially increased, but the fall 
within a given distance can be augmented by the device of 
forming a dam or weir, and this is commonly done with streams 
supplying water wheels. The fall may also be increased by 
excavating the river bed below the rapids, and thjs has been 
done in several places in Scandinavia. The regularity of flow can 
be aided, though not completely secured, by retaining the water 
in a reservoir large in ‘proportion to the amount used per day; 
but, in general, intermittently flowing water is of little industrial 
value. Where the fall is sudden, as in an actual rapids or water- 
fSHs, it is soirfetimes impracticable to use the bed of the stream 
itself for the wheel or turbine, and the water must be diverted 
and provided with a less precipitous channel. Thus at'Niagara 
the water is-led into a special channel jn which the turbines it 
is to drive a^r® disposed. Water power»is sometimes situated 
C(mveniently pear mineral deposits which need energy in the form 
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of mechanical power for their working, and it can then he used 
econoinicall}'. This is tlie case in some cop|)er reiineries where 
the electrolvtie process is used (see Copper). One of the olde.st 
instances of the application of water power to the winning of a 
metal is in the works of the Aluminium Company at Neuluuisen, 
where the energy recpiisite to drive the d^’nanios, the current 
from which is used in the reduction of aluminiuni. is derived 
from a waterfall. In a similar manner aluminium is now made 
at Foyers in Scotland, at Niiigara, and other ))laces. Calcium 
carbide (see Vol. II.) is made in many places by energy deriv ed 
from water power. The manufacture of artificial fertilisers from 
atmosfdieric nitrogen is practically dependent on cheap hydro¬ 
electric power, and fairly large works are established in 
Norway and Italy. In mountainous countries, railways (e.i/., 
the Simplon tunnel line) are worked, and towns {e.g., 
Innspruck) lighted by electricity derived from *vater ])ower. 
Industries that are not (conveniently carried out on the spot 
where water power is avail.able may, nevertheless, obtain the 
energy they reiiuire therefrom; this is economicidly effected by 
converting the water power into electricity, and transmitting 
high tension currents, which (am be used after their conversion 
into currents at* a low pressure, the need for mas.sive copper 
conductors (in,which much (capital would be sunk) being thus 
overcome, d’hus, the Victoria Falls in Khodesia are to supply 
•the gold mines of the Transvaal wdth power. 

Tides.— Although at iirst sight only a particular case of water 
pow'er, tidal energy must be considered separately, as it is derived 
from a source different from that represented by a stream or 
waterfall. All the forms of energy that have been dealt with 
in this chapter—with the possible exception of the (theniical 
energy of petroleum, which may have been derived from the 
cosmical energy left stored in the earth at the time of its con¬ 
densation from a nebulous to a fluid (condition—are simply forms 
of solar ei^irgy, which has first appeared in some form of life on 
the surlace of the earth, and has been afterw'ards stored in its 
crust. This is true, because coal is used almost exclusively for 
the production of mechanical from chemical energy. Admitting 
the animal origin of petroleum, which theory has much to recom¬ 
mend it (see Petroleum, Vol. II.), the energy present in it would 
also be referred to the sun. But the energy of th6 tides is due to 
^e energy of rotation of the earth, sufficing to keep it in motion 
in spit# of the breaking action of the mass of water attracted into 
a huge wave by the mqjm ; every motion of the sea which is tidal 
►and not due to the wind, is of this origin. Consequentl y, wl^ en 
tidal energy is turned to a mechanical account, power isTBemg 
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taken by, iis it were, putting a driving belt on tlie globe, albeit 
' one in whieli tlicre is a good deal of .slip. Hitherto no groat 
success has attended attempts to utilise tidal enc'rgy, the range 
of motion is generally too small, or, if increased by local condi¬ 
tions, such as the bore of a river, too violent and intermittent 
to allow of steady work. f’crhaps th(> most hopeful method 
consists in impounding a large quantity of water at high tide, 
and using it as one would use that from any other reservoir 
with an availabh,' fall. 'I'idal energy has, of course, been used 
for ages in the somewhat crude wav of aiding the transport of 
ve.ssels against a running stream lu'ar its mouth. 

Wind. —In spite of the variable and intermittent charatter of 
the energy that can be obtained from the motion of the air. it is 
capable of commercial utilisation, and has been so utilised from 
earlv times by means of windmills of various design. Jt is self- 
evuient that,if any considerable industry were to be made de¬ 
pendent upon wimi power, it would be necessary to collecrt the 
energy repres(“Uted by a large cro.ss-section of the mass of moving 
air, which we speak of as wind, and to store the energy thus 
got to jtrovide for the occurrence of a calm. 'I'his has been 
realised on a. small scale by the application of windmills to 
pumping for draining operations and the storage of th<^ water, 
or for driving a dvnamo and storing electrical energy in accumu¬ 
lators (!•..>■.). 

Sun’s Heat.—Energy is continually being poured upon th(» 
earth from the sun, and is laung .stored to some slight e.vtent in 
the liberation of carbon from carbon dioxide by vegetable life.’^’ 
but is for the most part returned to space by radiation. Numerous 
attempts have been made to turn it to account by causing it to 
boil water or other volatile licjuid. mechanical work being ob¬ 
tained by the expansion of the vapour of this liquid ; but the 
radiant energy, oven when concentrated by a system of mirrors 
or lenses, is too dilfttse and, moreover, too intermittent to be of 
any tangible use.I The only serious application on aqv eonsider- 
abie scale is in concentrating solutions of salt from sea. water, 
or, in countries destitute of fresh water, distilling sea water for- 
drinking purposes. If has been sug.gested thaT the internal 

* It has been caleulatod that I square metre of leaf surface will utilise 
s^icicnt radiant* energj- from the sun per day to fabricate 14 grains of 
dry vegetable substance. Fischer calculates that on 140 day.s of the ye4i' 
about 5 per cent, of the sun'.s energy received on the area eovere<,l by the 
German forests is utilised in growing the trees. In the trojiics tlie propor¬ 
tion may bo much greater. , * 

i small pocket lens may be utilised to lighf tobacco on a windy day* 
at tlie sea-side. 



store of heat in the earth may be tapped for conversion into 
mechanical energy. 

Value of Natural Forms of Energy. —We have spoken of natural 
forms of energy, although all energy is natural, in a sense re¬ 
stricted to those cases where kinetic energy occurs in nature. 
The value of natural kinetic energy may be looked at from two 
points of view. In the first place, since it is kinetic it will be 
inevitably degraded into low temperature heat, and it is good 
economy of the total store available on the earth to turn it to 
account on its downward path, instead of letting it run wholly 
to waste. But, in the second place, since its utilisation involves 
the use of costly plant, it is often commerically economical to 
disregard it utterly, and rely wholly on the stores of energy in 
the shape of fuel in one kind or another that would otherwise 
remain stored for an indefinite time. The circumstances of each 
case must decide which course is attended by the greater mone¬ 
tary economy ; it suffices to say here the course chosen is not 
necessarily most economical from an energy point of view. There 
are many important industries in which the energy recpiired is 
a small part of the money cost of the whole process, and economy 
in the energy bill is a secondary matter altogether, and may be 
sacrificed to convenience or lowness of initial outlay. 

The Transmission of Energy. —This chapter would be incom¬ 
plete without a few words concerning the different methods 
pf transmitting energy that are commonly used. The simplest 
way of communicating mechanical energy from one moving 
object to one that is to be moved, is by direct attachment. In 
the case of a revolving wheel, where the axis of rotation of the 
wheel to be moved is identical with that already moving, a shaft 
of the requisite length is an obvious method ; where the axes 
of rotation are not identical, driving first by frictional contact 
with the rim, and then by regular rugosities on the rim— e.g., 
teeth or cogs—suggests itself. A step farther is the trans¬ 
mission of power by belts or ropes, and these are of course freely 
used. Ro^s running at a high speed, and, therefore, capable 
of transmitting a good deal of energy without severe pull, are 
a fairly economical method of distributing power. Water under 
pressure is another plan that has merits in cases where strong 
slow motions are especially required, as in most hydraulic 
machinery ,but is less well adapted for any quick-running motiorif 
at the friction and inertia of water transmitted through pipes 
are seriqps obstacles. Air has fewer llisadvantages as a fluid for 
transjpitting power, but ener^ is lost in compressing it, heat 
Ijeing’developed which, dissipated before it reaches the point 
of consumption. Where any extensive system of transmissiwt-Sf 
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cnerg}’ by (.ompressed jiir is in use, it is commonly supplemented 
by some method of heating the air from an external source before 
it is used to drive its motor (see, p. 79). The best method of 
transmission through a considerable distance that has hitherto 
been devised is by the u.se of electricity. The general plan con¬ 
sists in turning the mechanical energy developed by a steam 
engine into electricity at comparatively low electrical pressure, 
converting this by moans of a step-up transformer into electricitv 
jit high electrical pressure, transmitting through a conductor in 
the ordinary way, and re-converting it, on the spot where it is 
to be used, into electricity at low pressure by means of a step- 
<lown transformer. Operose as this sounds, it is fairly econgmical, 
the least efficient part being the prime mover (that is, the engine 
and boiler), which has to be employed in any case. The object 
of using the current at high pressure for the actual transmission, 
is that the loss by the resistance of the conductor is smaller 
with a high-J)ressure than with a low-pressru'e current, and thus 
a large conductor of low resistance, which is a very costly piece 
of plant because of the comparatively high price of copper, 
can be dispensed with. 
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CHAPTEK III. 

THE CHEMISTRY OF STEAM RAISING. 

I.N modern engineering practice, which is concerned with obtain¬ 
ing mor hanical energy from fuel by means of a boiler and engine, 
much care is displayed in points of design and construction, 
whilst, on the other hand, but scanty attention is paid to the 
economical w orking of the plant, which depends in great measure 
on purely chemical principles. 

WATER. 

Ne.\t in sequence to the chemical principles concerned in the 
combustion of the fuel, which are obviously of primary import¬ 
ance and have been dealt with in the preceding chapter, stands 
the quality of the V ater used in the boiler ; its selection demands 
careful considerp^ion by the steam-user. Since the general town 
supply of water for an}^ particular place has been chosen—and 
filtered or otherwise purified—chiefly in order to fit it for drinking 
and domestic use, it is often too costly for employment for feeding 
boilers and other industrial purposes, particularly as the pro¬ 
perties w'hich render it suitable for dietetic use are not identical 
with those characteristic of a good boiler water; recourse is, 
therefore, had to a private well, the nature of the water of which 
must be ascertoined by analysis, and then a correction devised 
for any deleterious action which may be exerted by the water 
on a boiler, or by the steam in its utilisation, owing to any matter 
it may carry over in suspension or as a vapour. Most waters 
which are used for steam raising fall in one of the following 
classes :— • 

1. Hard calcareous waters. 

2. Soft peaty waters. 

3. Saline waters. 

’This division is not strictly accurate nor exhaustive, as the 
classes nSay overlap to some extent, but it serves to define the 
most %ommonly occurr^g waters which are used for steam 
mising. The source of'the supply has a certain relation 
quality of the water, since the strata from which it is derived 



132 


THE CHEMISTRY OF STEAM RAISING. 


furnish characteristic soluble constituents to the water percolatinff 
through them. It happens, therefore, that where it is possible- 
in choosing a site for a factory, to pay regard to the surrounding 
strata, a water of approximately known (quality can be procured ; 
thus the chalk formation is sure to yield a hard calcareous water, 
the same being true of oolitg- and other limestone strata : whereas 
the formations known as the lower greensand and the new red 
sandstone, generally yield waters which are comparatively soft. 
Since other circumstances, such as facility of trans])ort, cheapness 
of fuel, and the like, usually determiiu! the site of a faclorv. 
the choice of particular .strata whence to obtain water is rarelv 
practicable, and it becomes necessary to deal with whatever 
variety of water may be locally predominant. 

Taking the classes mentioned above neriatim, the following 
descriptions mav be given :— 

1. HARD„ CALCAREOUS WATERS.— I'lie most characteristic 
constituent of these waters is ctilcium carbonate, often iissoci- 
ated with magnesium carbonate, both .salts being held in .solution 
by carbonic acid. The solvent action of carbonic acid on tlu-se 
carbonates is .so marked that it is attributed by soim; to the 
formation of bicarbonates (analogous to those of the idkali 
metals) of the form C.'aH^.(CO..)^. It must be noted, however, 
that th(' (plant ity of CO^ present is almost invariably greater 
than that which would suffice for the formation of bicarbonate : 
nevertheless, on the Continent if is customary to indicate tha';, 
portion of the carbonic acid (orrcs^ionding with the carbonates 
which it i.s instrumental in retaining in solution, by the term 
“ half-bound.” to distinguish it from the surplus which is termed 
‘‘free.” Whatever the precise mechanism of the solvent action 
of carbonic acid on calcium and magnesium cai'bonates, these 
salts are invariably preciintated nearly com))letelv when tin- 
carbonic ai-id is <>x))elled by boiling. 

In addition to cahititn and magnesium (-arbonates, hard 
calcareous wat(‘rs (ommonly i-ontain (-ah-ium sulphi,itc. which is 
not ])recipitatcd on boiling under atmospheric- ])re.ssure, although 
wlien the temperature of the water is (onskh'fably above' 100 
C. = ‘2i‘2° F.. as in a 'boiler, precipitation of anhydrous calcium 
sulphate, Ca>!0,,, takes place. The crust of cah-ium sulphate and 
carbonate deposited at the temperature obtaining in a boiler 
which is worked at even a moderate pres.sure. i.s hard, dense, and 
coherent, and much impedes steam raising, as will be noticed lat'er. 

In the ab.sen(-e of calcium sulphate, c alcium carbonate’generally 
yields a pulverulent deposit, less objectionable than that given 
by a water containing both salts. Tfit following are analysc.s 
ot Cvpical boiler inc’rustations from hard calcareous waters :— 
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I. 

IL. 

in. 

CaCOq, ...... 

iVi I’ciii. 

(>5 

K-r cent. 

Pt r cent. 
SMO 

CaSO.. 

311)6 

97 'Ol 

9-86 

Ms(<>H)2. 

7-n 

0'37 

i!-r)8 

Water, ...... 


I-75 


FcoOs ami AI 2 O 3 , .... 
.Silica and insolulilc matter, , 

•Jio 


1-48 

•i-46 


;!'54 


It will be seen tlint even at the moderate pressure of 50 lbs. 
(whicli is that at whiuh the above incrustations were formed) 
<a.lcium sulphate is freely precipitated. The oeeurreuoe of 
magnesia in the form of hydroxide in the incrustation, will be 
discussed in a later paragraph. 

It is customary to speak of water containing salts of calcium 
and magnesium as “ hard,” the term being especially used as 
indicating their soap-consuming power when such waters arc 
employed for washing—a bard water being one which consumes 
much soap before a lather can be produced in it. The first 
action of soap on a hard water is to precipitate calcium and 
magnesium salts of the fatty acids of the soap. The curdy pre- 

< ipitate thus fornSed is useless as a detergent, and it is not until 
the soap itself passes into solution that a lather is produced, 
this lathering being a characteristic property of a soap solution. 
\ distinction is usually drawn between temporary hardness and 
permanent hardness. The former is caused by the presence of 

< alcium and magnesium carbonates, which are precipitated in 
great measure when the water is boiled, and on this account may 
be considered as temporary hardening agents. Tlu; latter is 
due to the other salts of calcium and magnesium which are not 
precipitated when the water is boiled— ejj., the sulphates, chlor¬ 
ides, and nitrates ; with regard to calcium sulphate it must be 
remembered that it is precipitated when the water is heated 
to a tempefature above its normal boiling point—that is, under 
pressure in a boiler. It follows from this that the mere state¬ 
ment of either temporary or permanent berdness, or of both, is 
no guide to the character or amount of the boiler scale which 
will be formed, and a complete mineral analysis oT the water is 
requisite, even this being only a guide towards .the formatio»v 
oi an opinion by the chemist as to the behaviour of the water 
under conditions comparable with those obtaining in practice. 

In general, hard calcareous water, producing much scale, is 
not liable to cause, in .addition, corrosion of the boiler, both on 
account of its inherent qualities (see Saline, icaters), and (lefimsc 
of the protective effect of the scale deposited. 
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The following analyses give the quantities of salts commonly 
found in hard calcareous waters :— 


• 


Qraiibs per Gallon. 

CaCOj, • . 

15'2.T 

12-86 

23-72 

t’aSO,, . 

12 04 

... 

7-31 

M.(-Cl2, . . 

NajSO., . 

... 

6-97 

12-67 

6-29 

NaCI, . 

4-70 

25 ao 

29-82 


2. SOFT WATERS (containing little mineral matter).—Rain 
water collected artificially is a typical soft water, containing but 
a trifling amount of mineral matter in solution. Streams fed 
with rain water and running through districts containing little 
vegetation, yield a water standing near to rain water in resjieot 
of its content of mineral matter. The majority of soft waters, 
however, on account of the absence of calcareous matter, dissolve 
peaty matter from the vegetation which they encounter on their 
course. These peaty substances consist largely of vegetable 
acids, the calcium salts of which are insoluble in water, so that 
they are not dissolved by hard waters. Theif feebly acid char¬ 
acter renders peaty waters liable to attack boilar plates, and the 
slimy nature of the salts which are produced by such attack 
causes them to form an objectionable incrustation (vA.). 

As peaty waters, in common with all natural waters, contain 
dissolved oxygen, their action on metallic pipes and plates is 
enhanced by the fact that any oxide formed by the action of the 
dissolved oxygen is basic in character and will combine with the 
peaty acids, rendering the corrosion of the metal more serious. 
T'he action of the acids in this respect is similar to that of C'0„ in 
the attack of iron by atmospheric oxygen (see Chapter i., p. 46). 
Such waters are also peculiarly liable to act on lead. 

The following are analyses of soft peaty waters :—' 


NaCI, . • 

CaCb, . 
Ca(NOj)„- 
CaSOi, . 

CaCO;„ . 

MgCOa, 

SiOj, 

FejOa and AljOj, 
• ^fganio matter, 
l^a 2 S 04 , 




1 . 

Water ttf tin- Wve 
(PhiJUps). 
Grains per gal. 
1*04 
00(> 

000 
112 
. 2SS 
0-95 

. , 0-26 
0*27 


II. 

Moorland 

Water. 

Grains per gal. 

107 

041 

o'l? 


6'ii 
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3. SALINE WATERS. —Aa e.xtrenie c.xainple ol a saline 
water used for boiler purposes is sea water. The following 
analysis of water from the Irish Sea (Thorpe) represents the 
average composition of sea water; although considerable varia¬ 
tions in concentration occur locally, the ratio of the salts to each 
other is nearly constant:— 


NaCl,. . 
KCl, . 
MgCU,. 
MuBt-;,. 
MiiSO., 
CtuSO^,. 

av(x»3.. 

lotliiio, . 


Parts per 1,000.* 
•-'fi-44 
0-7.'> 

.3 1 ,') 

0 07 
•2 07 
1 -OS 
0 05 
•I'raco 


Waters which may be classed 
course, vary considerably in composition, 
represents a water of this class ;— 


moderately saline,” of 
The following analy.sis 


Ors. per null. 


OaCO..3-IS 

MgCO.‘2'14 

Na.,CI),.12'Sl 

Na.,SO_,.in-:!.') 

Na(-|. , in-OS 


When sea water is u.scd in a boiler a concentration is .soon 
reached at which the soluble salts begin to seiiarate. 'I'his point 
*is indicated by the specific gravity of the concentrated water, 
and for its determination it is customary to ascertain the specific 
gravity of the liquid in the boiler from time to time by means of 
an hydrometer called a salinometer. When this concentration 
is attained the water must be, blown out. When veiy saline 
waters are used for steam raising the adoption of condensing 
engines is advantageous, as it allows of the return of the major 
part of the water which has passed through the. cylinders as 
steam, to the boiler, and thus concentration to the crystallising 
point is giftatly retarded. 

Brackish water drawn from rivers (near their mouths) and 
from estuaries may be regarded as diluted sea water. A great 
objection to its use arises from its variable character, as its 
composition depends on the proportion of se.t" water locally 
and temporarily present. Since sea water contains calciu-u 
sulphate, which salt is deposited in a boiler (v.i.), it follows 
that, even when used to a concentration short of that at which 
the Reposition of ordinary soluble salts begins, sea water will 

, "Thus stated, instead,•£ in ths more usual nomenclature (grains per 
gallon), on account of the great concentration of sea water as jjrtmpiwed 
with ordinary saline waters. 
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yield .an incrustation, the nature of which is shown by the follow, 
in" analysis (Lewes ):— 






Cer cent. 
0-97 

OiSO^, . 




S5'5.3 

MdOil). 




.a-.39 

NuCl, / . 




"■79 

SiOj, . 




l-IO 

FcoOo anti AloO.^, . 




o-:i2 

Or;:aiiio inattcT, . 




Trace 

MoUture, 




.■>■90 





lOO-OO 


The presence of ]Mji((.)ll).> in the boilei' deposit from sea water 
is caused by the decomposition of ma"nesium chloride at the hiph 
t<‘inperature, obtainin" in a boiler (the dissociation of this salt 
being readily,ellected on evaporation), and also by the decom¬ 
position of magnesium carbonate formed by th(“ iideraction of 
calcium carbonate with the soluble magnesium salts present in 
excess. Such portion of the magnesium hydi'oxide as results 
from the decomposition of magnesium chloride is a measure of 
the corrosive effect of this last-named salt on the boiler jilates, for 
it will be obvious that the de])osition of magnesium liydroxide 
involves the liberation of an ecpiivalent quanti^^’ of JlCl if its 
Kouivre be simply magnesium chloride without the intervention of 
calcium carbonate in the manner spoken of above. It is known' 
that magnesium chloride, when heated in presence of water, 
readily decomposes into magnesium hydro.xid(? or an oxychloride, 
and hydrochloric acid; in aqueous solution this does not take 
place until considersible concentration has occurred, but it is 
probable that in a boiler dissociation is promoted by the higher 
ti'mperature attained ; local over-heating of the salt, already 
separated from its solution on parts of the boiler above the 
water line, may also take place. 'J’hese two actions suflice to 
produce the comrsive effects observed, which, owkig to the 
volatility of ilC'l, may extend to all parts traversed by the steam 
— e.y., steam pipes and cylinders, lax-al action caused by these 
circumstances may occur in spite of the feed water being alkaline 
from the presence of calcium carbonate, as the incrustation 
formed by this salt will only afford protection below the water 
fine. ■ , 

The subject of the action of magnesium chloride in boilers 
has aroused considerable interest during recent years. ' Bailey 
has found that in the distillation of MgCJ., solution hydrocHioric 
acid does not appreciably volatilise with the steam until a eon-' 
centrafion of 1 per cent, is reached. Hence, injury to the boiler 
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pliites will occur long before any acidity is apparent in the steam. 
The decomposition of MgCL under pressure has been confirmed 
by Cribb, although he found it to be stable when boiled at ordinary 
pressures, even in the presence of iron filing.s. That MgCL, is 
almost entirely decomposed under the conditions prevailing in 
an ordinary boiler is proved by the disappearance of dissolved 
magnesia from boiler waters, and the appearance of magnesium 
hydroxide a.s one of the commonest constituents of boiler .scale 
in which chlorine is rarely present except in traces. (Tibb jioints 
out that the available evidence tends to show that chlorine docs 
not l(»;ive the boiler, and that, therefore, the com'cntration of 
the chlorine is a measure of the concentration of the lioiler water 
itself. 

The role of MgCL in the jiroduction of magnetic iron oxide 
Fe.,(), in the boiler has been explained by Dcwrance as follows ;— 
It is first deiomposed w ith the liberation of free JK.’t— 

MgCL ! H„0 r. MgO L 2HCI, 

the latter atta( ks the boiler plate, producing ferrous chloride 
and hydrogen— 

• Kc H- 2HCI 1V<.'I, + H.., 

0 

the ferrous chloride finally reacts with the MgO previously 
formed, producing again MgCL and ferrous oxide— 

.MgO I. J'oCl, JlgCL -L l•'eO. 

If there is a considerable excess of air the ferrous oxide is oxidised 
into ferric oxide, Fe.^.,, but if the quantity of air present is not 
sufficient for this, then the magnetic oxide, Fe,,0,,, is formed. 

A marine boiler incrustation will contain calcium sulphate as 
the chief constituent, and magnesium hydioxide, as the main 
secondary c^on.stituent; the following analysis {Lewex) will serve 
as an example in addition f o that on p. 13fi :— 


CaSO,, 

Mg(OH),, . . 

. I’cr cenU 

84-27 

W)4 

Sand, . 

1-94 

FejOj and AI 2 O 3 , 

hio 

Water, &c., . 

■ . . . 51>5 

KKI-OO 


* Many vvaters deriveef from mines contain largo quantj^^ips of 
saline constituents, especially sulphates, often derive/ from the 
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oxidation of pyrites and other sulphides. The following analysis 
(Alkn) is an example of a mine-water rich in sulphates 


urs. |ici jtui 

CaCOj,.10-8 

CaSO,.160 

MgSO.20-4 

NajSO,.7:V6 

NaCl.70'4 


When calcium carbonate is absent, free sulphuric acid often 
exists in waters of this class, leading to serious corrosion of 
pumping machinery. 

The life of the boiler depends on several fai^tors, of •wliich 
the character of the water, considered above, is one of the chief. 
Hard calcareous waters form scale in the manner already 
described, and in this respect are injurious to the economy of 
steam raising, partly by damaging the boiler itself, and partly 
by wasting the fuei required. The latter is a serious evil, for 
the incrustation is a badly conducting material, and, by impeding 
the transmission of heat from the furnace to the water, diminishes 
the output of steam from the boiler, if the furnace is fired nor¬ 
mally—that is, at a rate approximate to tlie absorption of heat 
by the “ heating surface exposed by' the boiler. To compensate 
for this diminished output of steam, the nathral action of the 
stoker (often necessary when the full output'of the boiler is 
required) is to increase the rate of firing, with the result that 
the extra quantitv of heat generated in the furnace is only im- 
perfectlv absorbed by the boiler, and goes to waste in the flue 
gases. It has been found that an incrustation of } inch thick 
causes the use of about 16 per cent, more fuel than would be 
necessary with clean plates, whilst one which is inch thick 
involves a waste of as much as 50 per cent., and one of J inch a 
waste of 150 per cent. The damage to the boiler itself is due to 
two causes—(1) the deterioration of the plates by overheating, 
and (2) the mechanical damage involved in removing the incrus¬ 
tation. A coated boiler plate is necessarily hottci* than when 
clean, as the water is kept from free contact with it. Thus, 
whereas a clean iron vessel containing water boiling under atmo¬ 
spheric pressure has a temperature not more than 10° C. above 
the boiling p*bint of water, one with an incrustation so thin as 
- inch may have a temperature more than 100° C. higher. The 
meehanical properties of the metal composing the boiler plates 
are considerably' modified even by the temperature proper to 
modern pressures— e.g., 150 to 200 lbs. of steam, corresponding 
with 370° to 400° F. = 188° to 204° C.—r.pd are still more afiecte^d 
•fvhe»-there is extra heating on account of the presence of an 
incrustatio.i. 
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In the case of boilers of the water tube or of the locomotive 
class, a further difticultv arises from the iiicrustatidii-—namely, 
the blocking of the tubes or of the spaces between them with 
scale, and consequent hindrance of circulation of the water. 
In aggravated instances actual stoppage of a water tube 
may occur, involving its speedy destruction by its e.xposure 
to the lire without being simultaneously cooled by contact 
with the water. 

The nature of the incrustation formed in the manner already 
described may be modified by the presence of suspended matter, 
which often occurs in feed water from running streams. 'I’he.se 
impurities remain in the boiler and mix with the precipitated 
deposit. Very finely divided vegetable matter is not always 
objectionable, for it may help in keeping the deposits from 
caking hard. For this reason filtered waters are sometimes 
more troublesome than unfiltcred. Earthy impurities are 
invariably objectionable, and may be dangerous. 'I'lie clay 
which is usually present helps to form a hard scale. 

The evils of heavy incrustation are sufficiimtly well recognised 
to lead to the practice of periodically chipping tlu^ scale from the 
boiler plates, a troublesome operation, liable to caus(^ injury to 
the boiler, and bent a voided by removing th(^ cause of incrustation. 
Although a waVr yielding a heavy or even a modcrati' scale is 
thoroughly objectionable, one giving a slight film of calcium 
•carbonate or sulphate is not wholly harmful, on account of thi^ 
protection which it affords against corrosion from the several 
sources now to be mentioned. 

When saline waters are used which contain calcareous salts, 
the incrustation formed and the damage caused v ill b(‘ similar 
to those arising from calcareous waters proper. As magnesium 
chloride is frcupiently present in saline waters, a con'osive effect 
on the boiler also occurs from the cause described above. In 
addition to magnesium chloride other salts are capable of reacting 
with the j^’oduction of acids which may caust! corrosion. Ferric 
and aluminium salts, for instance, under the influence of heat 
may give rise to basic .salts and free acids. A large number of 
such possible reactions has been given by H. de la Coux, and 
the following equations are given as typical instances :— 

Abf'SOds -1- AI.O,, *p 

Fe.CI,, -I- 311.0 = t’p.Os + liHCl 

(NH,).S(), - 2NH,, + H...SO, 

2Fe.,(S(),), - (l'V./l5).,.S0., + aSO,;. 

•Sulphuretted hydrogen may also occur, especially in caaal 
waters contaminated with sewage, or with furna^ ashes or 
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refuse, or in some waters from coal measures. Such waters are 
liable to cause coiTosion by reason of the oxidation of the sul- 
])huretted hydrogen to sulphuric- acid. Such coimsion will 
not take place below the water line if a protective incrustation 
be formed ; but si^rious weakeiiiiifr of the boiler will result from 
the attack of the plates above the water line, since the corrosion 
is not uniform, but local, for a reason stated below. Of course, 
mine-waters in which free acid is present will cause sciious 
corrosion, and must bo treated before use, particularly if cou- 
tainiiifi the .salts of metals reducible partially or entirely by 
iron— c.(j., Ou, and Fe in the feri-ic state. With cop|)er salts 
the copper is first reduced at the expense of the iron of the boiler, 
and then forms with the plate an iron-copper couple, of which 
the iron is the attackable metal. With regard to ferric salts, 
direct reduction to fen-ous salts, necessitating the solution of an 
equivalent oi iron, takes place, and if oxygen be present the 
ferrous salts formed by this reduction act as carriers betw'een 
the oxygen and the iron of the boiler. 

Soft waters which cause no incrustation, save that due to 
peaty matter—concerning the action of which but little authentic 
information has been obtained—and having but trifling saline 
<;onstituents, are nevertheless liable to cause damage by corrosion. 
As all natural waters that have been freely e.xposed to the air 
are nearly saturated with oxygen, the quantity present being, 
at 15° C.= 59° F., 10 mgms. per litre,* all would be liable to* 
cause oxidation of iron in a boiler, were it not that those which 
are calcareous form a protective incrustation which diminishes 
the damage done. In the case of waters not yielding an incrus¬ 
tation— e.g., soft peat)f waters—the influence of dissolved ox 3 'gen 
on the metal of the boiler is more marked, its action being identical 
with that of ordinary rusting (g.v.) —(c/. p. 45). 

Corrosion chiefly occurs at the water line, the reason appar¬ 
ently being that the oxygen is rapidly expelled from the water 

I 

ThU limit of jsaturation of course, inlluciiced by the partial pressure 
of O in air. A liigher figure is given by pure oxygen. The following 
table shows the solubility wi c.c. per litre of water of the three chief gases 
normally present in water at various temperatures and at a pressure of 
7b0 mm. t'xcrtod^'oy each gas :— 
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on heating and then attacks the iron vvlierc it is wet but not 
covered with water; a second cause, having a like effect, is the 
tendency of the bubbles as they arc expelled during the heating 
of the water, to cling to the. sides, especially at the surface. It 
will be remembered that the gases dissolved in water are rela¬ 
tively richer in oxygen than is the air from whiidi they have 
been derived, the ratio of O to N being api)roximately 1:2; this 
circumstance enhances the coiTosivc action. 

In view of experiments showing that steel wir<‘ which has 
been exposed to boiling water (at 760 mm.) has a lower tensile 
strength than that which it previously possessed (a diminution 
of abbut 20 per cent, in 81 days), it appears jirobable that, in 
the absence of an incrustation, a similar weakening of the boiler 
plates may occur. The cau.se of this alteration is |)robably the 
decomposition of a portion of the water at the temperature of 
the boiler by the iron, and the absorption of the hydrpgen resulting 
from that decomposition, for it is known that iron which has 
absorbed hydrogen is more brittle than the metal in its ordinary 
state (see Footnote, t). 32). 

A form of incrustation which is peculiarly harmful both to 
the economical working and to the life of a boiler, is that formed 
when oily mattei; obtains access to the feed water, and thence 
passes into the ^oiler. When animal or vegetable oils ar(' used 
as lubricants in the cylinders of the steam engine (see lAthri- 
viants), hydrolysis of the oils may occur by the action <if the high- 
pressure steam, aided by the presence of metallic oxides frotn 
the material of the cylinder, and fatty acids may be volatiliseil 
with the exhaust steam into the, condenser of the engine, and 
thus pass with the feed water to the boiler. Even when mineral 
oils are u.sed as lubricants and no hydrolysis can occur, a portion 
of the mineral oil may be distilled over with the st(>am, in spite 
of the temperature of the cylinder being below that, at which 
distillation occurs when the mineral oil is heated per w, and 
may simihi^'ly find its way into the boiler. In the case of fatty 
oils, the acids derived from them form lime soaps with the linu^ 
in calcareous boiler water, and are de])osited in this form as an 
adherent oily incrustation, very badly Conducting in character. 
Mineral oil, on the other hand, will attach itsaif mechanically 
to calcium carbonate and sulphate during their deposition from 
the water, forming with them oily globules wlfi.h eventually* 
ct)at the plate with a non-conducting incrustation. Thus, in 
either «ase, the plates are more thoroughly protected from 
contact with the water, by reason of the oily character of the 
encrustation, than is til# case when the incru.station is purely c^l- 
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take place. A scale of this kind was found by Lewes to have 
the followin" composition :— 

I’er cent. 


CiiSIh,.59-11 

(.'aCO,,.ti-07 

Mk(OH)2,.II-SO 

Fc^Os.AlaOa.SiOj,..‘i'S') 

Organic matter and oil, ..... 10‘.54 

Moisture, . . . . . . .1*14 


100 00 


The general process of corrosion is identical with that described 
under the rusting of iron (see p. 45). The two main theories 
which iire held to-day concerning this process arc known as the 
"acid” and "electrolytic” theories respectively. According to 
the former, no rust can be formed from pure water, oxygen, and 
iron, but the presence of a trace of some acid to act as catalyser 
is absolutely essential if oxidation of the metal is to begin. 

On the other hand, the electrolytic theory says that the presence 
of an a(ad, even in traces, is not essential to the oxidation of 
the iron, liquid water, and oxygen alone being necessary. It is 
assumed that pure water is ionised to a small bjjt definite extent, 
and that when iron comes in contact with it pijsitively charged 
Fe ions are sent out into the water. Hydrogen ions at the same 
time leave the liquid, which latter now becomes virtually a solu-. 
tion of ferrous hydroxide— 

Fe -I- ‘2H'-4 2(0H)' = Fe + 2(OH)' + H,,. 

The presence of oxygen will now cause the oxidation of ferrous 
iron to the ferric condition and rust appears. 

The question whether pure water is sufficiently active to 
cause the corrosion of iron in this way is not )'et definitely settled. 
Although the two theories are apparently conflicting, it is inter¬ 
esting to notice that in the electrolytic theories wajter itself is 
regarded as a feeble acid, since it contains hydrogen ions. Either 
view is in harmony with the modern electrolytic theory of ion¬ 
isation, and the solutidh of the problem is of theoretical rather 
than practical jtalue. 

The evidence accumulated from such investigations as those 
•-of Cushman, Walker, and others supports the contention that 
all substances in solution containing hydrogen ions {i.e., of dn 
acidic nature) stimulate rusting, while hydroxyl (OH) iftns to a 
certain extent inhibit it, and if the concentration be suflSbient, 
absolutely prohibit it. * • • 

Certain vnnints TRiriirdin? the nature and mechanism of the 
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corrosion to which n boiler may be sul)je< tcd need separate 
mention. Thus, local corrosion or " pittini; ” is liable to occur. 
By thi.s term i.s meant the formation of small hollows or depres¬ 
sions in the boiler plates indicating rapid local attack, which 
may lead to the necessity for renewing a much larger area than 
that which is actually damaged. 'I’lie causes of this local ;iction 
is to be found either in the compo.sition of the attacked plate, 
or in the nature of the mode of attack, or in both. A plate of 
ingot-iron such as is used for boiler making, may have its im¬ 
purities, notably manganese and sulphur, irregularly distributed 
throughout its mass. Spots rich in these; impurities will sutler 
corrosion more rapidly than other parts, possibly because of the 
formation of a galvanic couple between adjacent portions of 
the plate which are of different composition. Sindi a citse of 
pitting in a boiler has recently been brought forward by G. N. 
Huntly. Ea<di pit was found to be the ccnti'c of a blister, and 
the blister contained a slightly acid solution of h;rrflus aul])hate, 
while the boiler water was alkaline with caustic soda. 'I'hc solid 
matter in the envelope of the blister, which consisted of a mi.xture 
of iron oxides, acted as a semi-permeable membrane keeping 
apart the ferrous sulphate within and the caustic soda outside 
the blister. The theory advanced was th.at the partiedes of 
manganese .sulphifle, segregated in the steel, were oxidised by 
the oxygen diss(!fved in the boiler water to sulphurii; acid and 
an oxide of manganese, the acid then acting locally on the surface 
of the boiler plate in the vicinity of the particles of manganese 
sulphide. The pitting of the boiler plate was prevented by 
adding sodium arsenite to the boiler water, the reagent taking 
up the dissolved oxygen. Similarly, the impurities, including 
the slag, which are characteristic of puddled iron (still sometimes 
used for boiler making), are not uniformly diffused through the 
metal, and the places richest in these impurities will be more 
readily corroded, the mechanical looseness of structure due to 
the presence of the slag often aiding this effect. 

Irregularities in its physical condition, as well as in its chemical 
composition, will also affect the liability of iron and steel to 
corrosion. Strains produced by drawing pressure may cause 
differences in chemical activity ; hence plates with punched 
rivet holes have been found less permanent at tliese spots that 
plates w'ith drilled holes. Differences in temperature a1 
difierent parts of a boiler may also .set up thermo-electric 
phenom(yia. 

Biting, when once started, continues, owing to galvanic 
imtion between the mj;4al and previously oxidised iron. Foi 
this reason it is sometimes the practice, when pitting rfccurl 
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to clean out the pits so as to remove all traces of oxide, and then 
brush mineral oil over the pitted places. 

Particles of brass and copper finding their way into a boiler, 
sometimes act as centres of corrosion by setting up galvanic, 
action in which the iron is the metal attacked. This is especially 
th(! case when most of the surrounding iron is protected by 
incrustation, the corrosive action being thus localised, conseiiueut 
on the increase in current density arising from restriction of 
the surface of the larg<'r electrode. 

Local corrosion of iron soinetime.s arises from the trapping of 
air bubbles in slight hollows already existing, and the oxidation 
and deepening of these spots by successivi" jiorlions of entifcipjred 
air. I’ittiug, however, from localised causes other than those 
arising from the nature of the metal, is not common in lioilers, 
because anv li(]uid or gaseous corrosive substance iutroduis'd 
into the boiler tends to be dilfused over all the exposed surfai-c 
by the agitation and circulation of the water and atmosphere in 
the boiler. 

The external corrosion of a boiler shell differs in no essential 
respect from the corrosion of other structural iron, which has 
been already dealt with in the first chapter of this section. 

The same protective effect that is obtained by “ galvanising ” 
iron is sometimes .secured for a boiler by han'ging zinc plates o’- 
spheres in the water, with the object of diverting attack thereto 
and saving the boiler plates ; the action is a galvanic one in 
which the zinc is the attacked plate. The theory on which the 
use of zinc for this purpose is based is sound, but it is essential 
that good metallic contact be maintained between the zinc and 
the boiler plate, a condition which is not easily obtained in 
ordinary boiler practice. The quality of the zinc is also im¬ 
portant. It should preferably be rolled and not cast, as the 
crystals in a cast plate have been found to separate with a 
black insulating medium between them; and it should also be 
pure, as if it contains lead this may be deposited as the zinc 
dissolves, and set up the very action it is intended' to prevent. 
Metallic aluminium is also used for the same purpose. 

Another protective ‘agent has recently been suggested as a 
remedy for tjie electrolytic corrosion of boilers. It has been 
found that solutions of chromic acid and its salts inhibit the 
rusting of iron by rendering the surface of the metal “ passive ” 
in some way. Many explanations have been offered for this 
effect, but it is not yet completely understood. „ 

In view of the important part which oxygen plays in the 
corrosion of boilers, it seems reasonable to believe that if r^o 
oxygen.!ba allowed to reach the iron through the water no corrosion 
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can take place. The removal of dissolved oxygen or air from 
boiler waters has, indeed, been proposed, the pre-heating of the 
water, and the use of scrap iron, being among the methods 
which have been suggested for this purpose. 

SOFTENING AND PURIFICATION OF BOILER WATER. - 
After a water intended for use in a boiler has been analy.sed 
and its mineral constituents determined, it is po.ssible to pro¬ 
nounce whether it can be used in its natural .state, and. if not, 
what treatment it must lirst undergo. In considering water 
purification it is convenient to divide the impurities whicdi need 
removal into two classes—namely, those which are precipitateil 
on boiling the water under atmospheric pressure, and those 
which are not deposit(‘d under such conditions. In the lirst class 
calcium carbonate is the commonest impuritv ; the behaviour 
of magnesium carbonate is similar but not identical, as its de¬ 
position from boiling water is less complete than that of ciilciuni 
carbonate. A .saturated solution of calcium carbonate in water 
•saturated with CO, a,t 10" C. = .50" F. and 7()0 mm., contains 
(il'ti grains per gallon of this .salt, and one of magnesium car¬ 
bonate under like circumstances contains 2.030 grains per gallon. 
On boiling such solutions at atmospheric pre.ssure, the bulk of 
each salt is precipitated, the amount left in solution being about 
2'.5 grains per galjjin for calcium carbonate, and 7 grains per 
gallon for magnesium cai-bonale. In actual boiler waters such a. 
condition of saturation does not occur, but tlu^ (juantities of 
CaCO., and MgCOj left in solution when the wa.t(‘r is boiled 
at atmospheric pressiu-e, ai-e apjiro.vimately those just given, 
although some allowance must be made tor tin? solvent influence 
of other salts simultaneously pre.sent. It is evident from this 
that the bulk of these carbonates can be removed by boiling the 
water previous to its admission to the boiler ; this is practised 
when feed water is heated by waste steam, a, d(^[)osit being then 
produced in the heater insti?ad of in the. boiler.* 

The same action occurs in reservoirs used to store water at a. 
high temperature and pressure outside the boiler - in order to 
meet emergency demands, as in the case of boilers at electric 
lighting station.s—with the addition that UafiOj is also thrown 
down. In many cases, as in non-condensing engines utilising 
the exhaust steam for producing a furnace draught, pre-heating 
the feed water is impracticable, and the removal of'CaCO.-) and 
MgOO., must be otherwise effected. 

The proiess usually adopted consists in adding lime to the 

* Mere* lieating under atnij)|i)heric pressure only frees the water from 
and CaCOj, and leaves untouched the still more objectionable • 
scale-forming constituent, CaSO, (c.t.). 



146 


THE CHEMISTRY OF STEAM RAISING. 


water to be softened, in amount just sufficient to combine with 
that quantity of CO.^ whicli is concerned in holding the f'aCt)^ 
and Mg(J().. in solution, whether it exist as bicarbonate or in 
tile free state. If the C(K were present in the proportion indi- 
<ated by the formula CaCOi.H.jCO., (the calcium bicarbonate 
sometimes assumed to exist, see p. 132), the quantity of lime. 
re()uisite would be equivalent to the lime and ma.gnesia present as 
carbonates in the water. SmOi relation between the carbonates 
and the CO.^ is not found in natural waters, there being always 
an excess of CO.„ necessitating a larger amount of lime to effect 
the softening than that which corresponds with the C'at'O., and 
.MgCO.j present. The function of the lime is to combiife with 
the (!()._, other than that present as CaCO,, and MgCO.. to form 
(JaCO.;; this is precipitated, and, simultaneously, pre-existing 
OaCO., and MgCO.j are also precipitated. 

It has been found by E. Bartow and .1. M. Lindgren that in 
the treatment of waters (nntaining bicarbonates of lime, soda, 
and magnesia with lime water, the reactions proceed in regular 
order, the lime acting successively on the CO., combined witli the 
lime, soda, and magnesia. If, therefore, insullic.ient lime is 
added to the water, calcium carbonate will be precipitated in 
preference to magnesium carbonate. 

In practice, where space permits, the lime Is best added in the 
form of lime water, made by stirring excess of lime with water 
until saturation is effected, and allowing the undissolved lime to 
.settle ; the clear liiiuid contains about 80 to 00 grains of CaO 
per gallon, and is more reliable in its action than milk of lime, 
inasmuch as its composition is always known, whereas milk of 
lime may vary largely in content of (.laO. Where space is limited, 
and a separate, tank for the preparation of lime water (urnnot be 
used, a weighed (juantity of lime, sufficient for treating a known 
volume of water, is stirred into a cream with a little water, and 
added to the contents of the tank in which the. softening is to be 
< arried out. To ascerbiin whether an excess of lime has acci¬ 
dentally been added (such excess being objectionable, as it causes 
formation of incrustation in a boiler), some test which will show 
whether calcium hydtoxide is present in solution, must be applied 
to a small .Altered portion of the water. Tests commonly in 
use for this purpose consist in the precipitation of silver oxide 
from the nitrate, of mercuric oxide from mercuric, chloride, or 
in observing the reaction wdth phenolphthalein. With waters 
containing magnesium salts, such as the chloride, the first effect 
of lime in excess of that necessary to combine with the 00., is to 
..decompose these magnesium salts, auiS'^a portion of the resulting 
magiifesiam hydroxide remains in solution until the water is 

) ‘ 
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lit'atocl. wlieii it is depositoJ, frtHniciitlv on tin* iujccTors a.ml 
otlwr fmlin';' apparatus of tlio boiler. 'I'his drawback is met bv 
.\rehbutt by ])assine fiuTiaee pas'es into tlie treated wat<T. tlie 
f'O.j thus introdueed servin;; to carbonate anv excess of lime or 
any niaenesia that may be pre,sent. with at most, the idfeet of 
producing a sliplit scale in the boiler. The ])ro])er amount of 
lime, either in solution or as a cream, having been added, and 
thorouehlv mixed with the w.ater, sej)aration of the precipitate 
can be etlocted either by subsidence oi' liltration. 'I'he forim-r i.s 
the simpler, the latter the more rapid method, and choice between 
them depends on local circumstances. This i)roee.s,s of lime tnait- 
ment was originated by Clark, improvements in liltration having 
been added by Porter, whence the term “ l’ort(*i'-Clark process,” 
as applied to precipitation by lime and liltration through filter 
presses. It will be understood that this process is only .ada])ted 
for removing that ])ortion of the incrustation-forming.constituents 
which is precipitated when the. w.ater is boiletl under a.tmospheri(! 
pressure, and that it is without action on others e.y.. t.'aSO, ; 
moreover, a certain amount of CaCU., and .MgCO.,, (.•oiTes]>onding 
with th(‘ solubility of these, substances, remains in solution. 
With these limitations the process is efrica.ciouK in dealing witli 
many hard ca'carcfuis waters. 

When feiTous c: rbonate is present in a wafer, this will al.so be. 
[weeipitated on treatment with lime ; mere aih’ation will also 
•Siiflice to remove it, since it oxidises, yielding ferric hydroxide 
or basic carbonate, which is insoluble in water. The precipitate 
.should be .separated by subsidence, as it causes the o,\ida,tion of 
fhe cloth of the filti'r press, nesting as a. carrier of oxygen from 
the air to the hbre. 

Since the water in tlie boiler is used at a t(un))era.ture above 
100“ C., often attaining, in high-ju’essure boilers, 150“ to 200 ' C. 

= 502“ to 3t)2'’ F., it is not suflicient to treat lln^ water so as to 
remove merely those substances which are precipitated on boiling 
under atmosj)heric pressure, particularly as theses substances are 
not the worst offenders in the formation of scale, (lalcium sul¬ 
phate is the most objrH’tionable cotistituent of a boiler water of 
the hard calcareous class, since it forms with the Caf.k),., which 
is generally simultaneously prc.sent, a particularly dense and 
adherent scale, the reason for the deposition of which has been , 
already dealt with at 132. The usual method of treating 

waters containing CatiO, coasists in the addition of sodium 
carbonate, which forms calcium carbonate and sodium sulphate 
by double decompositioi^ wdth the CaS 04 . When the water 
aiio contains CaCO., ancl MgCOg, it may be first freed there-* 
from by addition of lime, and then further purified from TlaSO^ 
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by 'I'lio sottciuHit iicfuts (tim be added toeetlier, when 

tbey become, in (‘fleet, a mixtiin^ of caustic soda and calcium 
carbonate (wlicn c<iuiva!ent ((uantities are us(!d). or these sub¬ 
stances to'jether with an excess of either original reagent (wlien 
the ((Uantities do not liappen to l)e (‘((uivalent). (’austic .soda 
alone can be us(;d when the amount of to be saturated i.s 
pn'cisely e(|uivident to the ((uantity of calcium suljdiate to be. 
precii)itated by the rcsulting sodium carbonate. When this 
relation (hx's not obtain, the caustic .soda must be supplemented 
by lime, should the CO., be pres(‘nt in greater amount than that 
('((uivalent to the CaSO, contaiimd in the water, bnt by podium 
carbonate should the amount of CO., be smaller than this e(|ui- 
valent. The following (.‘((nations will niitlie these relatioius 
clear :— 

(I) CO,, -JNnOH ■ .\ii..CO., s ll.,o. 

’, 2 ) Nii.ico,. ; ('((SO, . NkJso! . (•((■(•o.. 

If the sodiuTti citrbonate |)ro(lue(‘d according to the first (‘((nation 
be more than sullicient to precipitate the whole of the CafSO, in 
iicc.ordance with the second c(]uation, a portion will remiiin in 
solution, and both constitute a waste and be injurious from a 
steam-raising jioint of view. On the other kand. if the CO., in 
the first equation be insufficient to produce (^nough sodium car¬ 
bonate, for the realisation of the second equation, the w‘hole of 
the CaSO.| will not be precipitated, and the water will still yield 
an incrustation. Save in so far as it allows of the use of a more 
compact form of softening agent, the use of caustic soda is less 
to be commended than that of lime and sodium carbonate in 
the correct proportions, except where Alter presses are to be 
u.sed, and the total precipitate to be handled must be kept at a 
minimum. 

All the rvell-known (jatented forms of water softening apjiaratus 
are based on the above, chemical reactions. The methods of 
regulating and proportioning the supply of reagents have been 
brought much nearer perfection than formerly. They differ 
from one another siniply in the. mechanical arrangement of the 
plant, and in the devices for rendering the apparatus automatic 
in its action. “ 

An attempt has been made to substitute magnesia for caustic 
soda as a precipitating agent, the method consisting in filte^ng 
the water through sawdust mixed wdth MgO. The first effect is 
to precipitate CaCO,, and MgCO., by saturation of the CO.^ which 
keeps them in solution, the resulting urngnesium carbonate from 
'both sources then reacting with the CaS 04 , forming MgSO^ afid 
CaCO.,; certain amount of MgCO,, remains in solution, but its 



SOFTENING ANO PURIFICATION OF B01I.ER WA'I'ER. 149 


deposition on the boiler is not greatly objeetionable, as the sludge 
formed is loose and non-adherent. The presence of magnesium 
salts in solution, however, makes the formation of magnesium 
chloride and its sub.sequent decomposition in the boiler probable, 
and is. so far, undesirable. Otln'r methods—chieHy of chemical 
rather than of technical interest, on account of the high cost of 
the materials—for treating boiler water containing OaSOj are 
those involving the use of barium compounds, including the 
chloride, hydroxide, and carbonate, and of various sodium 
salts, particularly the jdiosphate, fluoride, and aluminate. 
Bariuiji chloride (Iccomposes the f'aSO^ by double decomposition, 
yielding CaOl., amf BaBO^, which latter, however, settles slowly. 
Barium hydroxide and carbonate act in a. similar manner, the 
latter forming two insoluble compounds by reacting with the 
calcium .sulphate'—viz,, ('a.('(),, .-uid Ba.SO,,. 

Bodiuni phos))hate has been used to .some extent.as an alter¬ 
native to sodium carbonate ; it rea.( ts with forming 

♦•alcium phosphate. The advantages claimed for it are its 
convenience of apjilication, and th(>, fa.i t that the precipitate, 
formed is tloia ulent and non-adhesive, whilst that prdouced by 
NaXfO.jis somewhat dense and crystalline. Its use is limited by 
reason of its high .price and its high combining weight, whi(di 
make, it nine tiin-.s as costly as Na^CO.,; moreover, it cannot 
be. used cold, the reaction being slow and incomplete without 
the application of heat. 

Sodium fluoride is not used to .my extent; it gives calcium 
fluoride, a. somewdiat voluminous precipitate, sodium suljihate 
remaining in .solution. 

Sodium aluminate acts like caustic soda, with the addition 
that the precipitate of aluminium hydroxide which is formed 
at the same time a' ts as a coagulant. It precipitates the bicar¬ 
bonates of lime and magnesia, and also reacts with other mag¬ 
nesium .salts. Calcium sulphate, however, is unaffected by it. 

Attempts •have been made to deposit all the incrusting sub¬ 
stances which are present in tin; feed water, in the boiler itself, 
not allowing the deposit to be distributed generally over the 
surface, of the boiler, but confining the deposition to spots access¬ 
ible for cleaning out. Of this type is an apparatits consisting of 
a delivery tube for the feed water, passing through the water 
sp^ce of the boiler, and having its exit end above the. water level. 
CaCO,, CaSOj, etc., are deposited in this feed pipe before the 
water .debouches into the boiler itself, and can be mechanically 
removed. The succes.s q^devices of this class chiefly depends on 
allowing the feed water to travel .slowly to its exit, so as to allosw 
time for complete deposition. It must be understood tiiat the 
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trouble of incrustation is not removed, but transferred from the 
boiler to the feeding apparatus. 

Various plans have been suggested for overcoming the .sluggish 
subsidence of the precipitate obtained when certain waters are 
softened, notably those drawn from a river instead of a well, and 
containing organic and clayey matter in suspension. A simple 
and efficacious plan consists in leaving the sludge from the first 
purification in the precipitating tanks in which the next batch 
of water is to be treated, and agitating this sludge with the water 
during treatment. The coarse preformed precipitate induce.s 
the deposition of the freshly-formed, finely-divided precfipitati'. 
A small quantity of alum, aluminium sulphate, or ferrous sulphate 
is sometimes added together with the lime; the flocculent 
hydroxide of aluminium or iron thus precipitated entangles the 
suspended matter and hastens clarification. 

The evils-attending the presence of oil and grease in boiler 
feed waters have already been commented upon, and it is im¬ 
portant that methods for removing this objcctiouable impurity 
should be adopted. Exhaust steam separators afford a partial 
solution of the problem. In these contrivances the steam i.s 
treated as such, and a partial condensation allowed to take 
place. The resulting water washes the remaining steam, the 
oih' water being separated either continuouAy or at intervals. 
These contrivances, however, arc not absolutely effective. 

Filtration through sand or sponges has been employed more oV 
less successfully, but the most satisfactory method of eliminating 
oil is by chemical means. This entails the formation of a pre¬ 
cipitate uniformly throughout the water by the introduction of 
chemicals. The precipitate absorbs or clings to the oily par¬ 
ticles, and both are removed together by filtration. The per- 
cipitate may be either CaCO.,, Mg(OH).j, Al(OH).., Fe(Oll)... or 
a mixture of several of these. One cheap method often used 
for removing oil from condenser water is to pass it first through 
a sand filter, and then add it to the ordinary boileiefeed supply 
and pass it through the softening plant. The CaCO , precipitated 
in the latter carries dqwn with it all the remaining oily or greasy 
particles. 

A reagent Very largely employed in this way for removing oil 
and suspended matters generally, known as “ alumiuo-fcrric,” 
is crude aluminium sulphate. A precipitate of aluminipm 
hydroxide, AhfOH),,, is prepared by the interaction, in situ, of 
this salt, and some alkali, such as Na.,CO;.,, NaOH, or lirhe,water. 

^ f.ij., Ah(S 04 );, + 3Niv.,CO„ 3K,0 = Al.ftJH),, + :fNa„SO, -i- SCO.. «; 

Stiiranother method has been recently adopted for removing 
I < 
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oil from water by means of electrolysis. A continuous current 
of electricity is passed througb the water while it is pasaiiif; 
between electrodes of aluminium or iron. The electrodes art' 
gradually consumed, and a precipitate of aluminium or iron 
hydro.xide is formed which collect.s the oil particles in the manner 
described above. The current has also a st'jiarate distinct 
effect upon the oil which tends to hasten the coalc.scence of 
the small globules into larger ones. In general, the re.sistame 
of condenser water is too high to i)ermit. of the jtassagt' of a 
sufficient current, and it is necessary to add liaid watei’, or 
•some^suitable salt, to get over this difficulty. 

It must not be supposed that a water when free from con¬ 
stituents capable of forming an incrustation is necessarily suit¬ 
able for boiler use. If hard with calcium sulphate, the removal 
of this substance by means of sodium carbonate leaves in .solution 
•an equivalent of sodium sulphate, wddeh, if ])itj,sent in large 
i|uantity, is found to cause “ priming ” in the boiler. (Hy the 
term priming is meant such tumultuous ebullition as causes the 
projection of finely-divided water, as spray, into the sti-am 
space, whence it travels to the cylinder, causing bad e.conomy 
in the working of the. engine.) E.xcess of .sodium carbonate 
added to the wajer has the same ellect, and natural waiters 
containing sodir.ii carbonate (which are not uncommon) of 
course act similarly. 8uch waters may even have, to be treateil 
with calcium chloride to decompose the soditim carbonate and 
leave the comparatively harmless sodium chloride. 

Although a considerable amount of work has been done on the 
.subject of priming, it is still very obscure. .MHlill draws the 
following practical conclusions from his investigations on the 
subject - 

(1) The contents of sodium salts must be kept down to a 
minimum. Marked foaming takes jilace under It) lbs. pressure 
when the contents of Na.,0 reach l,.5t)0 parts per million (105 grs. 
per gall.). » At 2t)0 lbs. pressure, it is presumable that the foaming 
limit will be at a much lower concentration. 

(2) Calcium hvdrate in exce.ss will cause foaming in presence 
of saponifiable fats, which are always pri^.sent, in traces, in boiler 
concentrates. Hence the. necessity of avoiding •xcess of lime in 
water treatment. This applies still more strongly to sodium 
l^j'drate. 

(3) Solid matter in suspension predisposes to foaming. 

in connection with this subject is a very .singular point, to 
which attention has been given lately, and which is now well 
•established; it is th*al under boiler conditions Na.,C0;, iSBY 
become to some extent converted into NaOH. The c'S.act way 
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in wliicli this occurs i.s still uncertfiin. Amonji those who hiive 
investigated the (jiiestion may be mimtioned Messrs. Tatlock & 
Thomson, of Glasgow, who, " from a consideration of the whole 
question, think it possible that the Mg{OJ:I)._, produced from the 
Mg(X).| acts slowly as a causticising agent at the high temperature 
inside the boiler.” In one case in which 1,000 gallons were 
I'oncentrated to 20 gallons, 15 per cent, of the total Xa.CO., 
was converted to NaOJf. 

Boiler Compositions. —To avoid the cost of the ])hint 
necessary for removing the scale-forming constituents in a fc('d 
water, it is customary, especially on the part of small power 
users, to add some composition to the water in th(‘ boiler with 
a view of preventing the deposition of a coherent incrustation. 
■Many proprietary preparations are sold for this purpose, of 
which it is sufficient to say that none should be used without a 
knowledge both of its composition and of that of the water to be 
treated, and that all are sold at prices bearing but a remote 
relation to their intrinsic values. 

Caustic soda or soda ash (Na.^CO.,) forms the basis of a very 
large number of these anti-incrustators ; these are effective 
when used in the proportion demanded by the particular water 
to be treated, but may cause priming if added in excess. They 
owe their virtue to the fact that they decompose calcium car¬ 
bonate and sulphate, with the result that the deposition of 
calcium sulphate is avoided and the incrustation is compara-'" 
tively loose. The prevention of a dense adherent scale being 
the object of the use of these preparations, any salt capable of 
forming a non-cohering precipitate with the calcium sulphate in 
a hard water may be employed, provided it has no objectionable 
action of its own ; for example, sodium phosphate and barium 
chloride are constituents occasionally adopted. The decomposi¬ 
tion of calcium carbonate in the boiler is sometimes achieved 
by preparations containing ammonium chloride, which forms 
calcium chloride and ammonium carbonate ; the latte* substance 
is deleterious, since it is volatile and exercises a corrosive action 
on copper and its alloys forming parts or fittings of the boiler. 
The use of ammonium chloride for this purpose has now been 
almost abandoned. 

, Other anti-incrustators which have for their object the for¬ 
mation of a loose sludge in place of a coherent scale, are efficient 
to some extent in that they contain amorphous organic rubbish— 
peat, sawdust, etc.—which hinders the mutual adherence of the 
scale-forming constituents of a boiler wajs}*. A similar result is^ 
anw-ed at by employing tannin and other vegetable extractive 
matters;" in this case the action is aided by the formation of the 
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lime salts of slijjhtly acid substances of the chai'actcv of tanuio 
acid. The following analysis by Tatlock ja'presents a typical 


anti-incrustator :— 

.XaOH .... 


)H*i 0(111. 

Na..C 03 .... 


1-24 

Na..SOj .... 


o'US 

(tat'O,; .... 


0-4S 

Tannin .... 


<>•♦>,■) ,, 

Organic mailer 


lUMHl 

Water .... 


r>n‘Oo 

• • 

Still another <-la.s.s of anti-incrustator 

looo 

has for its ol 


of increasiiif; the solubility of the iucnistiny salts, and thus 
prevent their precipitation. 'I'hc most usual ol these substauee.s 
are yelatine. suyar, a.nd molasses. ^ 

A verv common practice in America, and on the State llaiKvay.s 
of Austria, Hungary, and Belgium, is to put petroleum into the 
boilers to prevent scale, fts action is purily mechanical. It 
yives an infinitesimal coating of oil to the crystals, which prevents 
them from cohering. Its effect is not histin.y, as the petroleum 
is graduallv volatijised. Only refined jietroleum (kerosene) is 
used, as the crude til is liable to give a dangen'ous greasy depo.sit. 
An objection to fatty substances, which have* iilso been ex])loitcd, 
lias been alreadv stated under the head of oily incrustations 
(p. 141). Anti-imrustators have their value under certain 
conditions of limited space or smallness of plant, but if adojited 
they should be bought under their own names and at their own 
market prices, instead of at fancy rates under pro|>riefary titles. 
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CHAPTER I\'. 

THE CHEMISTRY OF LUBRICANTS AND LUBRICATION. 

The function of a luin-iciint being to keep the surfaces on vvliicli 
it is smeared from coming into contact witli eacli other, and at 
the same time to allow of their motion relative to each other to 
take place with as little impediment as possible, it is obvious 
that a special class of bodies must be used for these purposes, 
having particles which slide easily over each other, while having 
sufficient cohesion to prevent the ready rupture of a, film com¬ 
posed of them. 

A further result of this conception of the functions of a lubri¬ 
cant is the i-ealisation of the fact that the, speed with which 
the surfaces move over each other, and the Jtressure tending to 
force them together, must be considered in choosing anv indi¬ 
vidual from the class fitted for a given kind of work. Tin* 
logical outcome of this is that every different kind of bearing 
needs a different lubricant to enable it to run with the least 
friction. In practii-e it suffices to use a different kind of lubricant 
for each different class of bearing, even when the members of 
the class are not identical. The disadvantages of using a lubri¬ 
cant not the absolutely best for the bearing, is more than com¬ 
pensated for by the advantage of having comparatively few 
kinds of lubricants to provide and distribute. 

Oils may be regarded as typical lubricants. Fatty oils, that 
is to say, oils consisting of the glyceryl salts of acids of the fatt\- 
and similar scric,s, have been almost exclusively used until com¬ 
paratively modern tim4s. Since the rise of the petroleum industry 
it has been found that certain of the fractions obtained in dis¬ 
tilling crude petroleum, which are intermediate between the light 
burning oils 4nd the heavj' pitchy residue, are excellent lufrfi- 
cants, possessing important properties which give them, in some 
respects, th^. preference over fatty oils; they are, accordingly, 
largety prepared and used. Of solid lubricants there is a con- 
aijderable variety, the individual members of which are chiefih 
used where exceptionally heavy loads are to be carried, or where. 
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U.S in outdoor use, a cheap lubricant that will not drain or be 
washed aw'ay, is wanted. Such are axle jjreaso, cart aroase. 
black lead, tallow, and soapstone composition.s. 

FATTY OILS.— For a fatty oil to be of use .is a lubricant it 
is essential that it .should be non-dr\ing (sec OiVv. ^'ol. II.). It 
is also desirable that it should not readily become rancid, as 
during the change understood by the phrase “ becoming rancid,” 
free fatty acids are often produced, which have a corrosive action 
on metallic surfaces with which they are in contact. The soaps 
of the heavy metals thus formed arc jiasty substances of too sticky 
a nature to be serviceable as lubricants. Oils which fulfil these 
conditions arc sperm oil, neatsfoot oil, lard oil, castor oil, and, in 
smaller degree, olive oil, tallow, and rape oil. 'I'he first four are 
speciallv free from tendency either to dry or to become rancid, 
and are, therefore, the best example.s of their class. Choice 
between them depends on their vi.scosity or ” bod^^v,” .sperm oil 
being a light oil of low vi.scosity, which, however, it retains as 
the temperature rises, whilst neatsfoot oil and lard oil are of 
greater viscosity, but dimiiiLsh in body with rise of temperature 
to a greater extent than does sperm oil. Castor oil is dis¬ 
tinguished by its great vi.scosity, on which account it is nsi'd 
for lubricating heavily loaded journals. With regard to the 
remaining three filive oil is a good lubricant if originally free 
from fattv acid, and not allowed to become rancid in u.se ; rape 
• oil is also useful on account of its high viscosity, the advantage of 
which compensates in great measure for the drawback arising 
from its tendency to gum. I’allow is estemned for heavy loads 
and high temperature.s, and is, therefore, used for cylinder lubri¬ 
cation, but is apt to be decompo.sed by high-pressure steam, and 
conseque'ntly to yield fatty acids and their salts of iron, copper, 
bv action upon metals with which it is in contact. 

fn stating the viscosity of an oil. it i.s usual to adojit the 
vi.scosity of rape oil at 00^ F. as a, standard and to call it KlO. 
The oils fk'seribed above have at 00' F. = lo-o ' ('. visi-osities 
which, referred to this standard, are represented by the following 
figures :— 


Sperm oil, ..... 

32 

Neatsfoot oil, .... 

• 87 

Lard oil, .*.... 

.. 88 

Castor oil, . . . . • 

. 1,100 

Olive oil, . 

. . 72 

Rape oil, ..... 

lot) 


• The difference in drop of viscosity with rise in tempcrajtitfe 
in oils of this class is shown in the following table * 
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‘ Viscojiily ut 

Oil. — - 



i.*.:."!', K. Tam 

12J- K. 

IK)- C. 

\ Sjierin <»il, 

j 

I!) 


Olivo „ 

• < — 


10 

Ka|Ki ,, 

100 

:io 

17 

• ('jistor ,, 


i:>7 

27 


Tlicso lh(‘ cliiss of work for whicli ('ucli of the 

forofroiiij; oils is most suitohlc, it l)ciii}' a lioiievnl nilo thdt for 
<|iiick-riiniiitii'' h('iiriii!».s. cinTviiiir low prossuros, an oil of low 
viscosity is best lilted, wliilst for lieavv pressiire.s an oil of higher 
viscosity is retptiri'd. Kiirthermore. where a bearing is liable 
to rise in temperature during use. it is desirable that the oil 
employed for'lubriciitiiig it should change as little, its possible in 
viscosity with rise of tomperature. In selecting an oil its 
viscosity must bo considered its regards the temperature which 
is likely to prevail during the running of the bearing ; at tem¬ 
peratures above and below this the oil will not be working to 
the best advantage, but such imperfection is of little practical 
moment, if the vi.scosity be adapted for the ^ean temperature 
of the bearing. 

The behaviour of a lubi’icating oil at low temperatures is also, 
of obvious importance. As a rule, an oil is required to remain 
liquid at the temperature at which it is to be employed. On 
exposure to cold an oil generally assumes the consistency of ii 
jell)’ or ointment, and refuses to flow freely. The determination 
of the temperature at which the oil undergoes this change i.s 
known as the ‘"cold teM,” and it should not be inconsistent with 
the conditions under which it is to be used. In lubricating oils 
to be used in railroad practice, the cold test is a vital one, and 
receives considerable attention. On American railways, for 
instance, it is not uncommon to specify that paraffin and neutral 
oils shall have a cold test above 10° F. for winter and 32° F. for 
summer use. Lubricating oils from Russian petroleum bear 
exposure to a very low temperature (— 20° F.) without becoming 
solidified. For the lubrication of air-driven rock drills, where low 
•temperatures ane experienced, kerosene has been successfully used. 

The classes of bearings which may be lubricated economically bt’ 
the oils spoken of above, are indicated in the following synopsis 

Sperm oil, . Quick running spindles lightly loaded. 

Neatsfoot oil, . Bearings exposed to low lertperatures and mechani.sm* 
•••c in which risk of corrosion ts siiecially to be avoided 

(r.f.)—e.u., cloche. 
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I^rd oil, . , Sliafting, engints and machinery boaringH. 

Castor oil. • . Bearings working at heavy pressures and liigh speed. 

Olive oil, . . Moderate pressure and higli si)eed. 

Rape oil, . . Engine bearings and eylinder lubrication.* 

Tallow, . . Cylinder lubrication.* 


All fatty oils in their condition as expressed or rendered, 
contain free fatty acid, varyinfj; in amount from about I per cent, 
in the case of good .sperm oil. to 10 per cent, for common olive oil 
(calculated as oleic acid). It is a sound general principle that 
lubricating oils should contain the least possible (luaiitity of free 
fatty acid ; f per cent, (calculated a,s oleic a( id) i.s the maximum 
permissible. Oils* that ai'o relined by (rcatment with sulphuric 
acid—e.y., rape oil—are liable to contain tra.ce.s of this acid, 
either free or in the form of a sulphonic acid. 'I'liis impuritv is 
highly objectionable for lubrication. 

It mu.st be remembeia-d that all fatty oils t(‘nd to develop free 
fattv acids on keeping and in use (sec Oils, \'ol. ff.). and that 
on this account a .sam])le originally nearly free from free fatty 
a(;id may become acid to an objectionabh' extent during use. 
Olive oil is the worst, in this respect, of those mentioned idiove. 
As the temperature rises, tlie tendency for the development of 
free fatty acid iiun'cases, and when the oil is also in contact with 
high-pressure stea «i. hydrolysis occurs freely and much fatty acid 
i.s liberated. 

• The general ebaracter of the fatty lubricating oils is given in 
the .section on fats and oils. 

MINERAL OILS.—These are all higher fractions of jietroleuin 
and shale oil. and are produc(.‘d in many different grades, ranging 
from a light oil as thin as sperm to a .semi-solid mass resembling 
axle greUse in eonsistency. The exaet grade to he used in anv 
given ease is determined by consideration of the load to bo 
carried and the speed of the journal; tlie higher the speed and 
the lighter the load, tlie thinner the oil that will give the best 
results. TJie follov ing table gives the viscosity of oils at different 
temperatures suitable for distinct classes of bearings, the vLscositv 
of rape oil at 6(t' F. = IS'o'' C., being taken as KM):— 


i 


j Cyliniier, 

I ifciliam muchriitjiy, 
I Spindle, 

I 

».- 


iKr K. ] 

1 Ml’ ' 

14 i . 

i ‘'in’ K. 

-1.V.VC. i 

- (Ml' ( 

.'•2’ 

1 .-- 1114 “ c. 

Semi-!s()liil 1 

HO 

1 

17 

12 

1 100 

Ml ; 

IH 

10 

1 i>3 I 

0 i 

j 


3 


* No fatty oil ia really suitable tor cylinder iuhrieatiutt. 
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When oiue the best oil Inis been decided uiion, future sujiplies 
of siitisfiictorv r|uality c:aii be obtained by eomparing the results 
of a, chemical examination of the two samples, and seeiiio that 
the essential properties of the oil, and notably the viscosities at 
different temperatures, arc substantially identical. The fault of 
most mineral oil is the great loss of viscosity which thev undergo 
by rise of temperature (as will be seen from the above table), so 
that an oil which at the ordinary temperature of the air is amply 
viscous for its purpose, may become altogether too fluid and 
mobile at the temperature of the bearing which it is used to 
lubricate. Russian mineral oils lose their viscosity with an 
increase in temperature more rapidly than do*American (ills of 
the same specihe gravity, but in both classes the reduction is 
most rapid in the case of the most viscous oils, and as the Russian 
have a higher viscosity than American oils a more rapid rcdiudion 
in the former case might be anticipated. 'I'he viscositv of an oil 
should, therclore, be determined at the maximum temperature 
that the class of bearing upon which it is to be employed is likely 
to attain. Besides a suitable viscositv, mineral oils used for 
lubrication should have a high Hashing point, con.siderably above 
the maximum temperature to w hich thev are likelv to be exjio.sed. 
Seeing that mineral oils are obtained by processe.s of fractional 
distillation, thev fre(|uently contain constituente of lower boiling 
point than that at which the main part of the oil begins to distil, 
and consequently may possess a low Hashing point (see l‘etroleuni, • 
Vol. II.). For a lubricant, a low Hashing point is injurioiLS, as 
it involves a greater fij-e risk, and also occasions waste by evapor¬ 
ation during use. This objection does not arise with fatty oils, 
for their flashing points are usually high— e.y., 100° to .500° F. = 
201° to 260° C. No mineral oil should be used as a lubricant 
which has a lower Hashing point than 1.50" C. = 302° F. : and 
when high temperatures have to be provided for, as in cylinder 
lubrication, still higher Hashing points— e.y., 200° to 250° t'. = 
392° to 182° F.—are rc(|uisitc. In the foregoing jjgures the 
flashing point meant is that obtained by the “ close test; ” * 
w'hen the “ open test ” (identical with the close test, .save that 
the vessel in which it is, performed is freely open to the air) is 
adopted, flashing, points from 30° to 60° F. higher than those 
given by the close test are obtained for the same class of oil. The 
•temperature at? which the oil remains ignited (firing point) is 
still higher, the difference being sometimes as much as 100° F. 
The statement of the flashing point of an oil should, therefore, 

* This is carried out by heating the oil in a vjssel which allows of very 
limited access of air, and applying a light as the temlieraturc rises, until the * 
vapour froit the oil ignites with a slight fla.sh. 
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.-alwiiys be iiecompanicd by a note of tlie inotliod by whieh it 
lias been detennined. 

In a cylinder oil. besides the necessity for a liiiih Hashing point., 
is the requirement that the oil .should yield but little matter 
volatile in a current of steam, lest a portion of it be t'aporiscd 
with the exhaust steam, and. entering the condensei'. lind its 
way into the boiler (j). 111). As it may hap])en that a portion of 
the oil is volatile independoitly of the presence of steam, this 
(luality should also be determined in valuing a mineral oil. 'I’he 
loss at the maximum temjrerature to which the oil is to lie exposed, 
should not exceed I per cent, in six hours. A good mineral 
lubricating oil .sliwuld be thoroughly refined—that is, free from 
mineral or organic acid, alkali, and tarry matter. Parallin wax 
should be absent, as it separates on cooling, forming a semi-.solitl 
magma instead of a highlv viscous fluid. 

MIXED OILS.— The facts that mineral oiks have no timdency 
to change bv exposure to the air, and neither guiii nor attack, 
the metal of the bearings, a,nd that fatty oils retain tlieir viscosity 
fairly well on rise of temperature, have led to the use of mixed 
oils, which to some extent combine the good (pialitios of both 
classes. As, however, they are invariably sold under fancy 
names, at fancy prices, it is always cheaper and more satisfactory 
for the user of lubricants, should ho need sufficiently large quan¬ 
tities, to buy fatty and mineral oils sejiarately, undiw proper 
.expert advice, regard being had to the class of bearing to be 
lubricated ; such oils may then be blended by himself. Pro¬ 
minent among mixed oils are cylinder oils and “ valvolincs,” 
which arc intended to carry the heavy pres.sures and endure th<.“ 
high temperatures that obtain imside a steam cylinder. Heav\- 
fatty lubricants, such as tallow, are apt not only to lose a great 
proportion of their viscosity at these temperatures, but are also 
split up by the steam in the manner already referred to, and the 
liberated fatty acids act freely on the metal of the cylinder with 
whieh they are in contact, producing masses consisting of the 
soaps of the heavy metals. These soaps not only block and gum 
up the moving parts, but are indications of the fact that, to 
produce them, serious corrosion must have occiurrcd. Very 
heavy semi-solid mineral oils mixed with fatty (^ils or with soaps 
are, therefore, found to lead to less trouble than fats alone, the 
corrosion being greatly less, while sufficient viscosity to properly 
lubricate the moving surfaces is retained. Most fatty oils can 
be used for improving mineral oils in respect of constancy of 
viscosity, and even those whieh become rancid and hydrolyse 
I' readily are less liable tO) those changes when in a mixture, ^han 
when used per se —the mineral oil exercising a protective.influence. 
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.Se<!in>i tbit tlio function of the fatty oil added to a mineral 
lubricant is to raise its viscosity, castor oil is fre(|uen(ly u.sed for 
this purpose : it is. however, not miscible in all iiroportions with 
mineral oil. and its hlendine is, therefore, effected by the addition 
of a. third oil, such as lard or ra))e oil. Blown oils, which an* 
prepared from rape or cotton .seed oil (.see Oils. Vol. II.). have a 
viscosity even surpassing that of castor oil, but their use is not 
legitimate unless acknowledged. 

The use of mineral oils, sometimes of very indifferent ipialitv. 
or ill-fitted for the purpose to which they are ajiplieil, has led to 
iittempts to increase their vi.scosity, especially at high tem))era- 
ture, by the addition of various substances, wliich mav be’ con¬ 
veniently known generically as oil thickeners. 

Mineral oils may be rendered solid or semi-solid hv the addi¬ 
tion to them of a small ijuantity of soap—that is, the alkali salt 
of a fatty acid. The “ soaps ” containing other metals, nofablv 
aluminium, combined with a fatty acid, are still more effective. 
There is a considerable trade in the manufacture, of aluminium 
oleatc, stearate, and palmitate, which are generally prepared bv 
precipitating the corresponding sodium .salt with alum or 
aluminium sulpliate. 

A mixture of mineral oil with 10 per cent, of aluminium soap 
has been sold largely under the misle.ading%name, “gelatin.” 
Opinions differ as to the efiicacy of suck oil thickeners. The 
spurious viscosity is said to rapidly diminish when the oil is. 
heated. Some authorities regard this addition to mineral oils 
as pure adulteration. On the one hand, it has been objected 
that in contact with water and steam the. aluminium soap is 
precipitated and clogs the machinery, while, on the other hand, 
it is maintained that by the presence of aluminium soap the 
adherence of the lubricant td metal surfaces is much increased. 

These bodies (oil pulp) are dissolved in a small quantity of 
mineral oil and the product (oil thickener) used for the purpose 
above-named, by addition (in l egulated amount) to, the oil it 
is desired to thicken. Unless acknowledged and offered to the 
consumer without disguise, oiks thus thickened must be con¬ 
sidered adulterated. Indiarubber, rosin, and similar viscou.s 
materials are alsr employed for the same purpose. 

Analysis of such an oil thickener is cpioted by Allen :— 

Per cent. 



Mineral oil (spt*citic gravity 0*90()), 
Lard oil, .... 


Alumina, 
fatty acids, 


( 

\ 


Oil pulp, 


\ 

I 




48 

15 , 
(> 

30 


remedv the defect which some liquid lubricants have, of 

l 
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beiiio; wasteful in use, and to reduce their consumption, a class 
of oils kno\Vn as “cohesion oils” have, been compounded, which 
are distinguished by a lower degree of fluidity than the ordinary 
grades. Opinions vary as to th(“ efficiency of these oils. The 
basis of them is a more or loss viscou.s fat; crude rape oil is 
most frequently used, whilst occasionally tallow, palm oil, neat’s 
foot oil, or other solid fat is added to reduce the fluidity. In 
addition, they all contain resin oil (8 to ‘JO per cent.) and American 
pine resin, which imparts the characteristic property of viscosity. 
A tvpical analv.sis of stich an oil is — 

Ver rent. 


llaw rapi^oil, 
liefined tallow, 

Hesin oil, . 
American ])iiu* resin. 


7i> 

U» 

10 


I0(> 

•' ""' 

A product known as “ soluble, pelroleum ” is ])Te))ared by ]iar- 
tially saponifying rosin previously dissolved in the oil, or by 
blowing air through a mixtur(! of rosin oil and caustic soda 
solution, and adding to the jelly-like mass thus obtained an 
aqueous solution of a fatty oil soap, and mineral lubri(aiting oil. 
The product is intcaded to l)e employed in admixture with water, 
as a lubricant, especially for tools used in boiflig and cutting 
metals, and is stated to have given excellent results. It should 
i)e remembered that lubricants for cutting tools not only reduce 
friction between the chip and the tool, but when used in sufficient 
♦juantities help to dissipate the heat generated, and thus increase 
the life and output of the tool. Lard and sperm oils arc veiy good 
lubricants for cutting wrought iron and steel, whilst a .T per cent, 
solution of sodium carbonate is also excellent. Another lubri¬ 
cant commonly used is an aqueous solution of soft soap and soda. 

A further example of the compounding of mixed oils may be 
seen in the following table showing the compo.sition of three 
turbine-oils miitable for light, quick-running .shafts, and axles:— 


I 



'■ . 

2 

3. 


Per ct;nt. 

PerVo 1. 

Per cent. 

Yellow resin oil, 

7G 

28 

40 

Blue „ ... 

12-5 

. . • 


Olivo oil, ..... 


28 


Rape ..... 

12-5 

44 


Olein, ..... 



Cottonseed oil, • • • 



30 

• Paraffin oil, . . * . 



•_ 


• _ 

I'. 
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For the purpose of disguising the presence of mineral oils, 
certain compounds are sometimes added to destroy their fluor¬ 
escence or “ bloom.” This peculiar property may sometimes be 
obscured by exposure to light, but more rapidly and certainly 
by subjecting the oil to a process of limited oxidation by treat¬ 
ment with nitric acid. Turmeric, a-nitronaphthalene, picric 
acid, and dinitrotoluene also destroy the fluorescence, the last 
named being frequently used in the proportion of 4 lbs. to the 
ton of oil. 

SOLID LUBRICANTS. —Tallow by itself cannot be con¬ 
sidered as a good example of a solid lubricant, as when used 
alone it is generally for cylinders where the temperature is above 
its melting point, and it functions merely as an ordinary oil. 
A better instance of a solid lubricant is afforded by the mixture 
of tallow and plumbago sometimes used for heavily loaded 
journals whore the temperature is low enough to allow of the 
tallow retaining its condition of solidity. 

The following analyses represent some typical tallow lubricants. 
Nos. 1 and 2 are s<aid to be used on the Austrian railways in 
summer and winter respectively, while No. 3 is a very efficient 
axle grease frequently used in Belgium and England :— 




2. 


3. 


Per I'unt. 

Pur uunt. 


1* ^ 
I’ur cent. 

Tallow, 

90 

15 

Tallow, 

(H 

Olivo oil, . 

1 

15 

Pork fat. 

to 

Pork or liorso fal, 

9 

10 

Palm oil. 

10 




Graphite, . 

4 


Probably the largest use for solid lubricants is for railway 
carriage axles. Good axle grease consists of a small quantity of 
soap serving to entangle, render more concrete and thoroughly 
emulsify a mixture of fat or fatty oil and water. The usual 
procedure in making these greases is to mix tallow or palm oil, 
or both, with a liquid fatty oil—such as rape oil—water, and 
caustic soda or carbonate of soda, the alkali serving to form a 
.small quantity ^f soap with the fatty acid invariably present in 
commercial oils and fats, and to act in the manner described 
above. It needs much skill to procure a good grease of which 
the constituents will not segregate on exposure to the tempefa- 
ture which it is likely to attain when used as a lubricaMt— e.<j., 
150° P. = 65° C. As the fats of which the grease is made melt 
at a temperature below that which tke grease is intended t«, 
enaure, the amount of soap, and water emulsified by means of 
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the so<ap, are the chief causes of its satisfying this condition, and 
it is perfectiy possible, therefore, to prepare a grease whieli i.s 
both more costly and less effective than another properly mixed. 

Reducing the amount of water very much below 40 per cent, 
is apt to (aiuse the fat to segregate when the grease is heated, 
and the grease to fuse as a whole at a temperature below that 
normal to a grease of good quality, tin the other hand, in¬ 
creasing the water much above 50 per cent, robs tlie grease of 
some of its lubricating power, and is, moreover, unless provided 
for by a lower price, a fraud. For common purposes, esjiecially 
for outdoor work, such as the greasing of trolly axle.s, rosin 
greaseds used. It^ionsists of rosin oil (sec DestnwMve iliatilMion, 
Vol. II.) treixted with slaked lime, which converts it into a past)' 
mass of fair lubricating qualities. Rosin oil is composed of 
a number of unsaturated hydrocarbons, some of which have 
the property of combining with the hydroxides of the alkalies 
and alkaline earths ; the resin acids generally presen# in rosin oil 
doubtless contribute to this result. The compound thus formed 
can emulsify a large excess of rosin oil, so that commercial rosin 
grease, may contain over 06 per cent, of its weight of rosin oil. 
Barium sulphate, kaolin, calcium carbonate, and black lead are 
often added as make-weights, and, if gritty, are not only diluents, 
but also actively objectionable. Soapstone would be. a more 
reasonable addition. The following percentage composition is 
that of a typical railway grease :—Water 60, tallow 30, jmlm oil 
10, sodium carbonate 10. 

It has been already mentioned that mineral oils may be rendered 
solid or semi-solid by the addition to them of soap. Such “ solid 
petroleum lubricants ” are largely used as axle greases, and they 
are usually prepared by saponifying a fat by means of lime, 
soda, or occasionally litharge, and dissolving the resulting soap 
in mineral oil. The following analy.ses represent typical axle 
greases belonging to this class (ArclibuU ):— 


l.inii! Soiip^fireahC. 

Mineral oil (0*885- 
0*912), . . 720 

Neutral oil or fat, 0*5 
Fatty anhydride, 17*0 
I-ime, . .1*9 

Water, . . 8*0 

• lOO'O 


.Soda Soup (Jrea.se. 

Mineral oil, . 55*00 | 

Neutral fat, . 8*97 

Soda soap, . 16*] \ 

Sodium carbonate,3*10 
Sodium sulphate, 1 *07 
Water, . . 15*00 


100*00 


Lead Soii)» 

Uri'iisf. 

Mineral oil, 

. 48-n 

Neutral fat. 

. 8-7 

Fatty acid. 

. 2-(i 

Resin acid, 

. il-U 

LeaJb ide. 

. 3-0 

Lime, 

. (I-'.I 

Water,' 

27*2 

100-3 


• Vaseline and crude fiAiolin (“ wool fat ”) are also used^for, 
lubricating purposes, and are said to form excellent axlc^greases. 
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Such a grease may be prepared by lieatiug some vegetable oil 
with milk of lime and vaseline and then adding meked lanolin. 
The following figuia^s indicate approximately tin? proportions of 
ingredients used :— 


(Jriulc vascliiu*, 
CVikIo lanolin, 
Llapo oil, . 
Quicivlimo. 


100 

H I Tlu? groaso may l>e slilToneO 
2 !- by the aOdiliuti of 10 to 
I I *20 por <’onl. of .soapslonc. 

4 I 


The use of graphite, either alone or mix(?d with various oils 
and greases, as a lubricant, has (.-xtended scb largely in ’r(!c(?nt 
years that it deserves separate nniiition. It is not easily carried 
away from the wearing surfaces, can stiind great j)rcssure, and 
requires only a.u inlinitesimal idearance-space between surfaces 
by filling up all the minute cavities and irreguliirities in the 
surfaecis, giving a hard polished surface which r('i|ulres relatixcK 
little lubricunl. It is, moreov(;r, peculiarly litt(?(i as a lubricant 
for gas-engine (cylinders, being entirely inert and unaffected by 
heat or cold, steam or acids. 

A modified form of gra))hit(! knowTi as ‘'colloidal” or ” dc- 
Uoetiulated ” graphite has been introduced recently by .Vche.son. 
In this form the graphite is in an extremely liyie state of division, 
and is suspended either in oil or water, according to the con¬ 
ditions under which it is to be used. 

CORROSION INDUCED BY LUBRICANTS.— (’on osion is 
induceil bv the presence of free fatty acids in fatty oils and in 
admixtures of thes(; with mineral oils: it increases, though 
perhaps not in dii-ect ratio, with tlu? percentage of fiee fatty 
acid. Oils, whether fatty or mineral, iniperfe(?tly rclined .and 
containing in consequence' fr(?(‘ mineral acid, or sulphouatcs 
which are readilv split up into aciil produi?ts. will also give rise 
to coiTosion. 

It seems probable from Donath’s experimentvS that the corrosive 
action on metals of lubricating oils containing free'fatty acids 
depends to a great extent on wh(?th(?r the. oiled surfaces come 
into contact with atm(jspheri(? oxygen, and whether, by conden¬ 
sation, or other means, water gets into the oil. It is difficult to 
account in any'other way for the very erratic manner in which 
corrosion sometimes takes place. 

It is an interesting fact that the soaps of iron and other heaVy 
metals arc soluble in hydrocarbons, though insoluble in water, 
the reverse being the case with the alkali soaps. Consequently 
the iron soaps produced in cylinders by f*tty oils become dissolved 
but whenever a change to mineral oil is made. This fact is well 
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known, but it ha.s been wrongly attributed to a production of 
gummy malter by the mineral oil itself. 

“ Brass ” bearings—that is. bearing.s made of gun-metal or 
similar alloys—are often severely attacked by an aeid lubricant, 
while iron and steel are less affected, and white metal bearing.s 
suffer least of all. A lubrh^ant containing an ajipreciable amounts 
(over 1 per cent.) of free acid before being put into use, should 
not be tolerated. Those containing fatty oils may, although 
originally neutral, develop fatty acid (p. 157), and their condi¬ 
tions of use may be .such that this alteration is inevitable. The 
development of acidity in oils is of considerable Imjiortanc.c in 
modern engineering practice, inasmuch as most large users of 
lubricants arrange to supply a continuous stream of oil to all 
heavily loaded bearings that must fie kept cool, and recover the 
oil, filter it, and use it again. Mere filtration will not affect its 
acidit 3 % and if of a nature to become acid, it should Ije freed from 
acid at intervals by treatment with caustic .soda, or rejected 
altogetlnu’, and a new supply ])roc,ured after due analysis. 
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METALLURGY. 

Metallurgy deals with the treatment of metalliferous minerals 
(ores) for the purpose of winninp; the metals which they contain, 
and with the subsequent purification of the crude metal first 
obtained. For convenience, metallurgical proc.eescs may be 
regarded as falling into two classes, dry and wet, the former 
including those in which advantage is tiiken of the reactions 
which occur at high temperatures, and the latter dealing with 
those dependent on such reactions as take place in aqueous 
solution. 

A. METALLIFEROUS ORES. —Comparatively few of the 
metals are found native— i.e., in the metallic state—cither 
approximately pure or alloyed with some cognate metal; the 
majority of them occur in the form of true ores, which are com¬ 
pounds of metals with non-metallic. elements. 'I’lie following 
classification includes most of the common ores :— 

(1) As metals—Co|ip<s', bismuth, meicury, silver, goUl, platinum amt its 
congeners. . Silver and gold are found alloyed. 

(2) As oxides—Iron, copper, tin, zinc, manganese and aluminium. 

(3) As sulphides—l.ead, <!opi)er, zinc, antimony and mercury. 

(4) As carbonate.s—Copper, zinc, lead and iron. 

(5) As haloid salts—Silver, aluminium and sodium. 

(G) As arsenides and antimonides—Nickel * and cobalt. 

It must not be supposed that commercial ores are usually 
pure substances of fixed composition, like those to which they 
are referred in the foregoing list. Pure .specimens of each of the 
compounds exist, but are too rare to form a stwree of the metal. 
The ease with which metals replace each other in minerals, 
Igads to the existence of ores which, although nderable to one 
of the above classes, contain two or more metals. Thus, unmixed 
sulphides of copper are far less common than copper pyrites, 
which contains both sulphide of copper and that of iron. Ores 

♦ Also found in largo quantities as a double silicate of niciwl r«d 
magnesium. 
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nrc assoriatucl witli valueless earthy matters— (‘.fj., oxides, car¬ 
bonates. and silicates of difllcultly reducible metals, such as 
aluminium, calcium, and magnesium (also with silica as quartz). 
The necessity for the separation of this gangue behm^ the mineral 
cat! be prolitably reduced to metal, tnucli diminishe.s live value of 
the orv'. 

Jh METALLURGICAL PROCESSES..DRESSING (Sizing and 

Concentration).— This consists in partially freeing the ore from 
gangue by mechanical vnethods, and comprises hand-picking, 
to reniove large lum])s, followed by reduction to coarse ))owder 
and separation by levigation. The. first crushing of large pieces 
of ore is usually ](erformed by some modilierl form of Blake’s 
jaw-crusher. The impurv' ore is then taken either to vanshing 
rollers or to live stamping-mill. Sizing apjvaratus or sorting 
machines are emjvloyed for dividing the crushed ore-stuff into 
grains of several sizes. One kind of inqvarativs in use vsvnsists 
of a series of Hat-bottomed sieves with-graduated meshes jvlaced 
on different levels and mechanically agitated. Rotating drum- 
sieves or trommels are, however, more frequently employed. 
After the ore stuff has been thus sorted according to the size of 
the grains, the next step is to sejvarate by specific gravity or 
otherwise the pure ore from the gangue associated with it. If 
more than one kind of mineral is present thesAare also frequently 
separated by gravity. For this pvirposc hydraulic or pneumatic 
jiggers are employevl, in wdvich the particles are w'ashed hy a» 
stream of water (or air), whilst being subjected to repeated up 
and down motion, in which the ascent of the jigging stuff takes 
place by jerks, but in the descent it falls freely. In this way the 
ore collects at the bottom, and the gangue is skimmed off or 
otherw'ise removed from the .surface. For dressing fine sandy, 
mealy, or slimy ore-stuff, buddies or sloping tables are used, 
over which the fine stuff suspended in w'ater descends, the jvar- 
ticles of different specific gravity being deposited in different 
parts of the “ table.” There is an endless variety of tjvese jiggers 
and buddies, for details of which the larger works on metallurgy 
should be consulted. For an illustration of mechanical dressing, 
the treatment of tin ore, which will be dealt with in its own 
section, may be puoted. Where the ore is magnetic, it is possible 
to separate it from the gangue by washing the crushed ore between 
the poles of a magnet. ^ 

The applications of magnetism to ore dressing have received 
considerable attention in recent years, and fall under two heads— 

(1) Concentration of magnetie minerals from the gangue. 

^ (2) Separation of two or more minerals of similar specific* 
gravity in, the products of a preliminar)' w'ater treatment. 
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Magnetic concentration (as distinct from inagnouc scjniration) 
finds its pl-incipal use in the treatment of niagnotie iron ores 
(q.v.). Ores carrying chalcopyrite (copper pyrites. {hiKeS.) are 
also treated i)i this way. This mineral hits a tendency to 
slime M'hen crushed, which gives rise to important. lo.sscs in 
subsequent wet concentration; by roasting it becomes magnetic, 
and is readily saved by magnetic attraction, e\en if finely 
divided. Minor applications are in the separation of leueite 
(AljO,. KoO . 4SiO^,) from lava, and in the trciitmcnt of gtir- 
netiferou.s schists. 

Thf operations of magnetic separation are generally mon^ com¬ 
plex. As is well* known, all substances are acted upon by a 
magnetic field, though in very different degrees. In modern 
magnetic, separating machines advantage is taken of small 
differences which vaiious minerals exhibit in their behavioni 
in a magnetic field. The method has proved of gret^l importance 
for separating zinc, f)lcnde from pyrite, marcasile. or .siderite 
(ferrous carbonate). These latter minerals are almost non¬ 
magnetic, but can be made magnetic by roasting and subsc(|n(mtly 
separated from the non-magnetic. zinc mineral. Oxidistd zinc 
ores often occur associated with hydrated oxide of iron (limonite), 
a slightly' magnetic mineral wliich may be separated in a highly 
intense magnetite fi^dd, or rendered more strongly magnetic by 
roasting, and then removed. Magnetic, separation also finds 
‘.pplication in the treatment of magnetic .sand, in .separating 
tin-tungsten concentrates, and in the purification of corundum 
(Ak.O^). (See also under Iron, p. 1711, and Thi, p. 21(7.) 

In a more recent type of ap])aiatus static electricity is employed 
instead of magnetism. Advantage is taken of the ilifferences 
of repulsion exerted by or upon the electrically charged ftartiitles 
of metalliferous and non-metalliferous material res])e.ctively. 
Practically all sulphides except zinc lileiuh' are conductors of 
electricity, and thus a sejraration of blende from jryritc may be 
made, whiiji is not jrossiblc in the wet way. Cop)(er minerals 
are, as a rule, condiudors of electricity ; the silicates and car¬ 
bonates least so, while the compounds with suljrhur, arsenic, and 
antimony arc very good conductors. In such a. process various 
difficulties have to Vje overcome, connected mo» esjrecially with 
insulation, feeding, and dust. The size of the particles must be 
wythin certain limits, and it can easily be understood that, tln^ 
presence of dust is harmful, since a non-conducting jrarticlc may 
be converted into a conducting particle by being coveied with 
the dust of a conduvting mineral. Climatic conditions also 
Tiffect the success of the'operation. In spite of thes(! ditliculticsf 
however, there seems to be a field for electrostatic .fl'naration 
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in arid rC}>iou.s, where water [or niillin;; purposes is .scaree. The 
method has made great advances in recent years.* Material? 
whi(;h are, good conductors passing over a surface liighiv charged 
with electricity are rapidly charged with like electricity, and are 
consequently repelled, while poor conductors are slowly affected, 
and drop nearly perpendicularly from the field. The separation 
may be made sharper by passing the concentrated material over 
a surface charged with the opposite electricity when the charge 
in the good conducting material is reversed, and the material is 
rapidly repelled, while poor conductors, being charged with 
opposite electricity, are attracted to the electrode surface. , 

The last few years have witnessed the development of a number 
of new processes of ore concentration entirely different in prin¬ 
ciple from any of the foregoing, and in which the results of simple 
jigging are reversed, the concentrates being removed from th<‘ 
top, and the^ tailings or gangue from the bottom. They may be- 
roughly grouped under the head of “ Flotation Processes,” 
although this title is not always scientifically justified. These 
methods depend mainly on the property of “ differential surface 
tension ”— i.e., on a difference in the adhesive power of various 
liquids (and gases) to the surfaces of different minerals. No single 
satisfactory explanation which will cover all the observed pheno¬ 
mena can be given, and the adaptability of'a flotation process 
to any particular ore can be determined only by experiment. 

It seems probable that the surface tension between water* 
and minerals, such as quartz and silicates, is greater than that 
between water and metallic minerals. A simple flotation method 
for treating sulphide ores is based on this principle alone. In 
this process the carefully sized particles of ore are projected in 
a particular manner on to the surface of water in such a wav 
that the sulphide particles float on the surface, while the particle.s 
of gangue sink. These sulphide particles are supposed to have 
a peculiar superficial property or “ greasy ” character, which 
prevents them becoming wetted and penetrating the w#tcr surface, 
while rock constituents do not possess this property, and easily 
break through the surface and sink. 

It is found that thesS differences arc emphasised if the material 
to be treated is mixed w'ith oil, the adhesion of which to sulphides 
and gangue material is the reverse of that .shown by water. 
Moreover, oil being lighter than water is itself an active agqnt 
of flotation, and, in addition, serves to agglomerate the sulphide- 
particles. If gas be generated from the minerals by the addition 
of acid to the tank in which the ore is tcing treated, the small 
arising bubbles selectively attach themlclves to the particles o^ 
metallic tiulphide, and float them to the surface, where they are- 
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drawn off as a metallic scum, the gancuc settling to the liotlom. 
Among th5 means used to accelerate the process and effect a more 
perfect separation are deepening the tanks, heating the liquid, 
and partially exhausting the air above the liquid in the tank. 
The forces employed in ore flotation arc most delicately balanced, 
and in any given case the process to be worked will require 
adjustment to the character of the ore by careful experiment. 

EXTRACTION. —Both wet and dry methods of extraction 
are in use, the former being the more recent and in many cases 
more rational; speaking generally, however, wet processes have 
not ^een brought to such comparative eiliciency as the dry 
methods, which iavc the advantage of centuries of exjicrience 
in their working. The only essential process common to wet 
methods is the leaching out of the metal by means of a suitable 
solvent. To render this possible, some preliminary treatment is 
frequently neccssar)', to convert the metal into a soluble .salt; 
lor example, the treatment of silver ores by the Augustin proce.ss 
{q.v.). The subsequent extraction of the nuflal from f he solution 
is specific for each case, and no general ])rinciples can be laid 
down. In dry processes, however, certain gcmeral methods can be 
distinguished—viz., roasting (calcination), reduction, and refining. 

Roasting and Calcination.— The object of the.se processes is 
generally the elimifuition of sulphur, arsenic, carbon dioxide, or 
bituminous matter from the ore, as well as to render it more 
•porous and suitable for 8ubse(pient smelting. In the ca,.He of 
sulphur and arsenic, these are removed in roasting by oxidation, 
SO 2 and A8(0,i being volatile. Carbon dioxide, is simply removed 
in calcination by the dissociation of the carbonate containing it; 
bituminous matter is also burnt away during the ))rocess, itself 
serving as'the fuel. The opei-ation is sometim('s still conducted 
in heaps which consist partly of the fuel and partly of the ore ; 
sometimes in stalls, which are rectangular sjiaces <‘n< losed on 
three sides by brick walls and open at the, front and top, the 
former beiyg closed by a temporary wall after the introdmdion 
of the charge. More generally, some, form of reverberatory 
furnace is used, a.s the roastei-; muffles— c.q., for blende—may be 
used, and various contrivances for continuous roasting, which 
will be spoken of individually, 'f’he product w vsually a more 
or less pure oxide of the metal. 

.Occasionally the object of roasting is to form, not an oxide, 
but a chloride, sulphide, or arsenide. Common .salt is the usual 
chloridising agent, and is mixed with carbon and the ore before 
roasting, while iron oj copper pyrites, barium or calcium sul- 
*phates, and metallic sulphides are common sulphurising agentfA 
Nickel and cobalt behave with regard to arsenic as silver and 
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copper do in the citse of .suijiliur. 'I'liese metals may be, pro¬ 
tected from the scorifyinji' action of silicates by means of their 
affinity for arsenic. Su(di an artificial arsenide is called a “ .speiss ” 
and a sulphide a “ regulus.” 

Reduction (including fluxing).—By rcductioit is meant the 
obtainment of the metal as such from the or<‘. Siiu^e the pre¬ 
liminary roasting has conveited tin', ore into an oxide, the subse- 
(pient reduction consists in removing the oxygen by hot carbon 
or carbon monoxide. In order that the separated metal may 
agglomerate, it is friMpiently necessary to render fluid residual 
gangue by tlie addition of some flux-— i.c., a substance capable of 
forming a fu.sible .slag with tbe said gangne. *riie nature of this 
flux depends on that of the gangue, and is either “acid” {t'.g., 
HiO.,) or “ basic ” (c.f/., CaO), according as the gangue is basic or 
acid. Rcdiuhion is generally effe(-ted bv the direct, action of 
<arbona(eouji fuel, or bv mean.s of carbon monoxide in a rever¬ 
beratory furnace, Oecasiojiallv, however, tlie metallurgist makes 
u.se of otlu'i' reducing agents, .such as iron, manganese, lead, 
aluminium, or sulpirides. J'^or iiistanee, lead and antimony are 
obtained try the reduction ol their sulphklos by iron at high 
temperatures, when iron sulphidr; is formed and the metals 
liberated. 'J'he nse of aluminium as a rednring agent is seen in 
Goldschmidt’s process, in which ineta,llic oxides or' sulphides are 
reduced by firing a mi.vtin'e of them with aluminium powder—c.r/., 

• 

('r.,0; I- 2AI + (>.. 

lit.'uS I- 2A1 - -f 3Cu. 

There is, howcvci-, a certain class of oi’es which is ca.pal)le of 
“ self-reductioir ”—of requiring the introduction of no 
e.vtraireous reducing agent. In .such ores the suljrltur ocenn'ing 
as sulphide in oire portiorr may be used to i-ernove the oxygen 
existing as oxide fi-om another portion, the metal from each 
being thus freed. Ignoring secondary reactions, the following 
eipiation will re])resent a case of this kind :— , 

2Fl)() -H FbS ^ :U>b -1- HO.,. 

Refining. —This tend is applied to the removal of impurities 
from the erude. »ietal obtained by reduction. Eelining by oxida¬ 
tion generally consists in partially oxidising the metal by roasting 
in a current of air, whereby the more readily oxidised impurities 
are oxidised and either volatilised or removed as slag. Examples 
of this are the voflning of erude copper and the puddling and 
bessemerising of iron. A variation consUits in using some of the 
•rxidp of the metal as the oxidising agent, instead of, or supple¬ 
mentary‘to, air. ^\ hen this process i.s adopted, it is frequently 
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necessary to con'i'ct tlie refined metal, wliicli ilsc'lf lias become 
sliglitlv oxidised, by a secomlary reduction process ; the ” jioline ” 
of copper serves as an example. Metallic oxides, such as man¬ 
ganese peroxide, are fiaapiently useful in the oxidation of im¬ 
purities in metals. Kevrous oxide or silicate, too. may ai t as 
a carrier of oxyeen, and serye to oxidise impurities in the followine 
rvay :—When a. molten slag containing feri'ous silicate is exposed 
to the air jiartial oxidation takes place, and crystals ol inagnefie 
oxide are formed. Such a slag, in contact with impuri' metal, 
gives up its excess of oxygen from the magnetic oxide to the 
oxidisable elements jire.sent, and again becomes reduced to terrous 
oxideT ]’otassiun'»and .sodium nitrates are also used as oxidising 
agents in refining silver and antimony. 'Phis process is not 
applicable to the removal of impurities less oxidisable than the 
metal to be rellned- c.;/., silver from copper. Kelining by 
liquation dejicmls n|)on the ditlerema' between the melting point, 
of the metal to be purilied a.nd those of its impurities* 'I'he mi'fal 
is exposed to a tem])erature just sutlleient to melt it and to cau.se 
it to flow away from the less fusible impurities, 'riiiis, crude tin 
is eliquated from its inqmrities, such as iron and copper. Another 
general principle of whiidi advantage is taken in refining, is that 
involving the. use of immiscible solvents. This jiroee.ss, which 
consists in extracting a substance dis.solved in one liquid by mean.s 
of another liquid in which the substance is more soluble, tlie t wo 
Jiquids being immiscible (for a parallel ease tfie extraction ol 
iodine from its aepteous solution by nnsins of carbon disulphide 
may be, quoted), is e.xemplilicd by tjie I’arkes jjroei'.ss ol desilver 
ising lead. The argentiferous lead i.s iused and treal.ed with 
zinc, which is nearly insoluble in lead, and is at the same time a. 
better solvunt for silver than is lead. The zinc, containing silver, 
floats on the surface, and is skimmed off. A similar method is. 
that of “ settling out,” in whudi one meta,l is allowed to .subside, 
by reason of its higher sjieeitic gra.viU’, from another in whieli it 
is immiscible, the two layers being then scjiarated. 

Another process of obtaining fairly relined metids. and l.hat 
directly from the ore, consists in distilling the ore, if neci'ssarv 
previously roasted t.o oxide, with carbon>, Mereurv, cadmium, 
and zinc’ are thus obt,lined. With the increased use, of the 
extremely high tinnperaturcs attainable by the electric furnaci*. 
it is not improbable that, this method may be. e.xtended to tin 
winning of metals less volatile than these threix 

Yet aifother process, not only of refining metals, but of obtaining 
metals directly, is of sufficient importance to deserve separati 
Miention—viz., the electrolytic method, ifiis is employee^ it 
both the wet and dry way, a fused bath forming the eh'ctrolytc 
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in the latter modification of the process. Electrolysis is mainly 
employed in the refining of copper, silver, gold, and nickel, and 
for the production of aluminium, nickel, and several of the jurer 
metals, such as cahium. Pure iron is also now being obtained 
by electrolysis. 

One other method may be noted, in which the metal is extracted 
from its ores by means of a reagent which acts as a “ carrier ” 
of the metal. After the separation of the metal the “ carrier ” 
is again available for the treatment of a further (juantitv of ore. 
Such a process is typified by Mond’s process for extracting nickel 
in which carbon monoxide is the reagent em])loycd. 

• 

IRON. 

Although iron is one of tlie most widely diffused elements, it 
in only sufli<'iently abundant in certain di.stin(!t ore.s to be worth 
working. I'he characteristic red. brown, or yellow coloui’ of 
ferri(! oxide in the aidiydrous or hyrii'atc'd state. proclaim.s the 
presencii of iron in many soils and rocks, when the actual (pian- 
fity contained thcr<'in is relativelv inconsiderable. 'I’hus. reddish 
sandstones and sands containing iron oxide, are common enoiigli, 
but the proportion of iron is far too small to render it prt)fitablc 
to remove the siliceous impurity which forlMs the bulk of the 
material. 

The term iron ore stiictly includes only Ihoao. minerahs which, 
contain iron, not only in sutlicient quantity, but also in a. con¬ 
dition which enables them to be employed for the economic 
production of the metal. To be of value iron ores must be rich, 
pure, plentiful, and easily reduced. It is found in praitice that 
only the oxides and carbonates fulfil these conditions. 

Native iron (iron in the metallic state) occurs too rarely to 
be of any commercial importance. Some meteorites arc chiefly 
composed of iion, as may be seen from tire following typical 
examjrle:— 

Fcr rtul. 

Iron,.90-88 

Niolwl,.8-45 

Cobnll, 0-06 

•’ oo-na 

Globules of metallic iron have been found in basalt and otlier 
igneous rocks, and occasionally fused masses of iron are found in 
coal measures. 

.• O^ES.—Oxides of Iron. —The most •important of these aia 
the ores known as harmatites from the fact that certain varieties 
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liavc a blood-red colour. Two cla.sses arc distiiifjuislicd, the 
first, red hicmatites, are anliydrous ferric oxide, the other.s, 
brown luomatite.s, being hydrated. 

The former contain uji to 70 per cent, of iron (tins being the 
]iereentage in pure Fed).,). 'I'hey are usually associated with 
earthy mattcr.s, so that this percentage is reduced to (lO to (>5 )>(■!• 
cent. Red luematite jiroper is known as kidney ore from the 
shape of the piece's in whu-h it is found ; it, has a librous .structure, 
a, dull red colour, and s])ecilic gravity about 5-0. It, is a common 
form in Cumberland. 

Specular Iron Ore, a crystalline variety, is so called on aiaanint 
of its*mirror-like iustre ; it is dark grey, but when ))owdered 
is red. Roth these forms are widely distributed in flic United 
Kingdom. There are also notable dejmsits of luematite at 
Bilboa in Spain and in the United States, whilst .specular iron ore 
oee.urs in the Island of Elba, in Brazil. Canada,, and Central 
India. On account of its freedom from impuritfes this ore 
yields a cast iron which is e.specaally well ada.])ted for the |)ro- 
duction of w rought iron and steel. 

Micaceous iron ore is a pure vaviet.y of the anhydrous oxide 
occurring in large cpiantitics in North America., ft derives its 
name from the glistening dark grey .scales which re.semble mica. 

The brown Inemafttes (limonite) contain, when pure, 2E(c,0.;. 
.^IfjO, which corresponds with a content of 60 jier cent, of iron, 
though the ores actually worked rarely contain mueh more than 
.50 per cent. Northamptonshire and Spain are the i hiel .sources 
of brown luematite for iron making in this country. Tlie brown 
hiematite deposits of Ruxomburg-Lorrainc an; among the most 
important in Europe, and form the chief .source of iron in Uermany 
and France. This supply of ore is said to lie, larger than tfiat in 
any other country. The ore closely resembles that of North¬ 
amptonshire, but varies considerably in compositioii. 'I'he ores 
which arc worked contain from 40 to 60 per cent, of Fe^O., and 
10 per cent, of water. They are also phosphoric, coutaiiiing 
0'5 to 2’0 per cent, of phosphorus, and their use has increased 
enormously since the introduction of tlic basic procc.ss (q.v.). 
Brown hsematites are valuable because then' can be easily mined, 
and are readily reduced in the bla.st furnace. ^ 

The iaterites of India are a group of porous argillaceou.s tertiary 
rocks containing a considerable quantity of brown hydrated iron 
oxiSe. The richer kinds are employed to a small extent as a 
source oi iron. A special variety of industrial importance is 
bog-iron ore used for the purification of gas (see Destructive 
distillation, Vol. II.). ’t’he following analyses give the 
position of typical red and brown hsematites :— 
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MiiO. 

Al.O,. 

Cab, 

MfrO. 

lA^S,, 

Insoluble siliceous lesklue, 
Waler and volalile inatlef. 


* Cor iTHiioiidiiig witli melallio iron, 


Ui>\ 

it'-. 

liiL'iniititc. 

Northaii>i»- 
ton Liiuoiiitc. 

IVr ffiit. 

I’l-r cfiilo 

Per tieiii. 


8I)'8() 



lin 

0*50 

0*37 



0-71 

L>-4S 

' 2*51) 

O'Oti 



Tract' 



O'Ot; 



8-51 

5 

1T20 


8-!)S 

1 1^4 00 

h)0'2o 

^ ;)S‘04 

lOOMM) 

iKVi.') 


45-.lo 


Tlic only otliov oxide o£ iron of iinpoitiince as lui ore, is llie 
magnetic oxide {maffnetik), the typical formula of which is 
FcO . Fc.,0.i, althouoh the proportion of FcO to Fe.,0., may var>- 
from the ratio 1 : 1 {which corresponds witli TU'S per cent, of 
metallii- iron). I'lic proportion of the iron is, howcvei-, generally 
considerably smaller than is indicated by this formula, from the 
presence of siliceous and earthy matter, i^s is shown by the 
following analyses 



1. 

2. 

3. * 


i)i\niK'm"i!L 


Mie.iMeLite. 

Fc.,'):;, 1 , [ 

Fei), 1 • ■ ■ ■ 1 

MuO,. 

Cat), . . . . • 

.. 

AIA. . 

R.O,,. 

8uli)lmr. . . . • • 

liisoltiblo siliceous matter, . 

Water. . • . • • 

Pei- ei-iit. 

28*42 

Traee 

1*44 

Tract' 

tP07 

7*t)(> 

•• 

I’d- cent. 

44*40 
20*0(> 
(PlO 
0*00 
1*00 
5*20 
0*50 » 
Trace 
24*20 
2*50 

Per '-(-111. 
50*00 
28*00 
0*10 
0*40 
O’lO 
0*30 
0*03 

12*00 

4 > 

* Oorrespondmg with metallic iron. 

(io-tih 

08*5(1 

4(i*(ilt 

00*03 

(>3*08 


This ore is met with in immense quantities in Swedftn (from 
which the celebrated Swedish iron is obtained), in the Lake 
.Superior district of North America, and in the Madras Presidency 
"in India., The magnetites and haematites of the Lake Superior 
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district nojv constitute the largest supply of iron ore in tUe 
world. Impure varieties of magnetite also occur in which either 
the ferrous or ferric o.xide is replaced by the oxide of another 
metal. The most important of these are (1) franklinite or 
zincite, and (2) ilmenite or titanic iron ore. The former occurs 
in New Jersey, and contains oxides of zinc and manganese. In 
modern practice franklinite is separated from other zinc minerals 
by a magnetic concentrator, and then used tor the jiroduction 
of oxide of zinc and si)iegcl-eisen. Ilmenite occurs in the massive 
form in Norway, and as magnetic sands in the United States, 
('anadti, and New Zealand. It is usually consideretl to be a 
mixture of ferrous titiuiatc, FeO . 'i’iOand ferric oxide, but 
is more probably an isomorphous mixture of tin; se.s(|uioxides of 
iron and titanium, and best represented by the fornuda (Fe'l'i) ,0.,. 
it is dillicult to smelt in the blast furnace, owing to the formation 
of the curious cyano-nitride of titanium, Ti(ON)j 1 ,3Ti,N , and 
the somewhat infusible slags which are formed. According to 
the Report of the Canadian Commission (1907), however, there 
is no insurmountable dilliculty in smelting this refractory ore in 
an elcctrii; furnace, a pig iron containing only OMO per cent. Ti 
being produced from iron sands containing as mucli as 17'0 per 
cent, of TiO.^. , 

Carbonate of Iron (Spathic Iran Ore ).—The pure mineral Ls 
ferrous carbonate, FeCC.,, and contains IS'd per cent, of Fe ; it 
iS usually associated, however, with carbonates of manganese, 
lime, and magnesia, it is not very abundant in the United 
Kingdom, the chief localities being ui Durham and Somerset- 
■sliire ; on the Continent it is more abundant, notably in Styria. 
Its freedom from phosphorus makes it suitable for the manufac¬ 
ture of certain classes of steel. The following analyses exhibit 
its composition :— 


• _ . 

Smin'iseUliiri!. 

styi'iii. 

• 

I’er cirnt. 

I'er cf'iit. 

I'cO, / . . . .... 

4:tHt 

55*1)4 

Ke.,0:i. i. 

• o-si 


.Mn(),1- ... 

12(it 

2'SO 

CaO. 

0'2f 

0i)2 

MffO,. 

3(i:{ 

1-77 

uo.,. 

38 Wi 

58-5.3 

lIjO. 

018 


Insolulfjo iimttei', .... 

0 08 

... 

• 

loorvi 

9!)-48 

I** tlon’cspoiKlmj; with iiititallic iron, . 

34 07 

43-27. 

j t i'orro.-tjioiulini: with nifstallic inau^'ancae, . 

n-HO 

,2-17 
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Clay ironstone is ferrous carbonate associated wit)j. clay and 
sand. It is the most abundant English ore, and occurs in the 
coalfields of Wales, the Midlands, and Scotland. A variety of 
clay ironstone is black-band ore, which contains much carbon¬ 
aceous matter, whence its name. The celebrated Cleveland ore' 
is a clay ironstone which is poor in manganese, but rather richer 
in phosphorus than are most other ores of this class. Clay iron- 
.stones arc also found in strata containing coal, limestone, and 
fireclay ; all these materials arc required in iron manufacture. 

Till! following are analyses of clay ironstones :— 



Scotch 

lUackbaiiil. 

Clay Ironstone. 

Low Moor, j Olcvclimrl. 

KeO ) *' 

410 

30-14 

39-92 

Ke-jOs, \ .... 

25 

1 -45 

3-fiO 

MnO. 

I-t) 

1-38 

0-95 

A1,0,„. 

3-0 

0-74 

7-80 

CaO,. 

2 0 

-2-70 

7-44 

. 

1-0 

2-17 

3-82 

Alkalies, ..... 


O-Oo 

0-27 

(X),„. 

2()-0 

20-57 

22-85 

FcS.,,. 


010 

0-11 

P.,0,,. 

O’o 

0-34 

1-80 

SiO. 

7*0 

17-37 

7-12 

Water, ..... 

10 

1-77 

2-97 

Organic matter, .... 

1.50 

2*40 

1 1-04 

* (corresponding with metallic iron. 

1(K)'0 

33-|> 

99-7K 

29-13 

! 100-41 
33-02 


Sulphide of Iron.—Iron pyrites, FcS.,, is never directly smelted, 
but spent pyrites from vitriol making (q.v., Vol. II.) is occasionally 
used as a source of iron. 

PRINCIPLES OF IRON EXTRACTION.— Where a pure 
oxide of iron is attainable, a malleable (approximately pure) 
iron can be prepared by direct reduction with charcoal. This 
is still practised where charcoal is cheap, and pure magnetite, 
ct<!., abundant. This reduction is probably effected according to 
the equation :— 

FejO, -t- 4CO = Fej + 4CO.,. 

r> 

The pure iron thus reduced, although infusible at ordinary 
furnace temperatures, is obtained in a partly agglomerated state, 
the-particles not being separated by foreign siliceous matter. In 
the case' of an ordinary ore containing argillaceous or siliceous 
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niiiittor, aucli aj');lomeiMtinii docs not take place unless the clay, 
etc., he IluxVd hy the addition of limestone, whicli forms fusible 
silicates—slac—therewith. The s(tarcity of charcoal in this 
country lu'cessitates the use of a fuel with a hi^h content of ash 
(viz., coke) : the preseneui of this ash. which is .siliceous, also 
<lcmands a basic (lu.v. The impurities in the ore and fuel intro- 
<lu(;o .sulphur, phosphorus, and silicon into tlu^ iron, and .a portion 
of the carbon of the fuel is also taken u)), the n^sultiny crude iron 
beine more fusible than the pure metal, and, thcrefor(c running 
together as a litpiid instead of a.gglomerating as a paste—a c.on- 
dition which renders continuous working practicable. The 
application of th(e^*^ principles will Ix' d<'alt with under aj)pro- 
priatc headings. 

PREPARATION OF THE ORE FOR SMELTING.— Ores 
which contain shale or pyrites (FcS.^) in objectionable ciuantities 
are sometimes stacked in heaps and exposed to the action of the 
weather f()r some months. 'I’hc separation of shalt' by hand¬ 
picking is often a, matter of great didiculty, but by the process 
of " weathering ” it gradually (r\imbles to i)owdc.r. In this way, 
too, pyrites is oxidised to ferrous sulphate (PeSO,), together 
with free sulphuric a<ud, and is washed out by the drain.age, water. 
Calcareous ores containing pyrites should not be weathered, for 
in this case calciun* sulphate is formed, a substance which is 
nearly, if not quite, as objectionable as the original pyrites, 
.tn order to expose as large a, surface to the reducing gases of 
the blast furnace (c.f.) as is compatible with the free pa.ssagc of 
the blast between the fragments of ore, the. ore is crushed, in 
most cases to about 2-inch (udie.s. The crushing is effected by 
ordinary stone-breakers, or by crushing rolls. 

It is not usually prolitable to apply any syst(;m of concen¬ 
tration to iron ores other than magnetites, and in certain eases 
luematites. The removal of gangue by hand-picking is occa¬ 
sionally practised, and various mechanical concoutrators are 
used to soraj extcnl. tor washing iron ores, more especially in the 
United States. \ more important method is that of magnetic 
separation, which consists esscmtially in sizing the, ore by means 
of sieves, and passing it between the poU,,. of powerful electro¬ 
magnets, which retain magnetic oxide, and allpw free passage 
for the gangue. According to Prof. W. A. Anthony (“ Magnetic 
(Concentration of Ores,” Catisicr’s Mwjdzine, 1898, ,xiii., p. 433), 
electro-magnetic separators may be divided into classes ;— 

(fi) TKose in which the mixed material is carried round or 
in front of the poles of a,magnet, and in which the magnetic por- 
Dfonis deflected from its course sulliciently to be deposited ^n a« 
receptacle by itself. 
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(6) Those in whicii the material spread out upon a carrier 
passes in front of a mapnet, which picks up the magnfetic portion, 
which is then, cither hy the mapnet itself, or by means of a 
supplementary carrier, removed to a separate receptacle. The 
“ Monarch ” and the Wctherill ” machines an’ representatives 
of these two classes respectively. 

Magnetic concentration is used principally for magnetites, 
but hsematite ores may also be treated in this way, after first 
calcining them with a small proj)ortion (1 to 5 per cent.) of coal, 
whereby the ferric oxide is reduced to the intermediate stage 
of oxidation, and thus rendered magnetic. 

This proce.ss of concentration not only reroDves a considerable 
proportion of the ganguo, but it has the additional advantag<^ 
of eliminating a large proportion of the phosphorus, and in some 
cases also the sulphur present in the. ore. Practically this is l.he 
only method of removing phos])horus from ores which has beini 
successful on a large scale ; it is also stated that pyrites is more 
readily removed bv magnetic concentrators than by calcination. 

Most iron ores, save those which are free from volatile con¬ 
stituents— e.g., magnetites and red haematites (unless they (ontain 
pyrites)—are. roasted before, being reduced. Tliis is done cither 
in open heaps, which consist of a pile of ore and small coal (exc.e|>t 
in the case of blackband, which contains its own fuel), or in 
rectangular enclosures, the walls of which arc 0 to 12 feet in height. 
The combustion of the heap is started by bru.shwood. Various 
kilns, heated by solid fuel or producer gas, or in .some ca.ses by 
the waste gas of the blast furnace, arc also used for roasting. 
Gaseous fuel has been particularly successful with pjTitic ore.s 
in Sweden and America, it being found that sulphur is much 
more perfectly removed in this way than wdicn coal is used. 
The advantages of kilns over open heaps are that the former 
occupy comparatively little space, are continuous in action, and 
can be placed near the blast furnace. Moreover, the consumption 
of fuel is less than in open working, and the ore be)ing protected 
from the weather, the process is much more under control. 

The advantages of roasting arc—(1) the expulsion of volatile 
constituents— e.g., water, CO.,, sulphur, and arsenic—and part 
passu the concentration of the ore and of the waste gases from 
the blast furnace {«.«.); (2) the rendering of the ore more porous, 
and consequently more permeable by the reducing gases of, the 
blast furnace ; and (3) the oxidation of Fe", which forms a stronger 
base than Fe'", and. therefore, tends to pa.ss into tfie slag as 
silicate. , 

■ REDUCTION OF THE ORE IN BLAST FURNACES.*- 

The modern blast furnace is a masonry tower, A (Fig. 14), 75 to 
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IK) feel higlv lined witli lirebrii k, the interior of which i.s so built 
that it is of the form of the frustra of two cones base to base. 
It is encased in an outer shell coiistruetcd of wrought iron oi 
mild steel plates, inch thick, riveted together; the upper 
fi'ustrum, B, constituting about three-fourtlis of the total height, 
is called the stack or body. It is supported on a cast-iron ring 
resting on pillars of the same material. The lower frustrum, t, 
is termed the boshes, and is also cased witli iron, while water 
cooling boxes, made, of gun-metal, are frecpiently m.serted in the 



P 


Big. 14.—Blast furuace;' 

Hasoniy tower ; B, hocly ; C, boshes ; 14, hearth oTu i able ; E, cup 
and cone for closing throat; F. exit pipe ; ti, tapping hole ; H, an- 
supply pipe; K, twyers; L, Cowper stove; M, hue; N, ohcqner 
firebrick; P, underground pipe ; K, Hue to chimney ; 8, T, air pipes 
leading to twyers. 


lining. The diameter mross the boshes (the belly) Ls aWt ^ 
25^feet. The lowest portion of all, D, is the hearth or crucible, 
and is about 8 feet in diameter. It is indenendent of theViasonry 
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of the stack, being built in after the latter is completed. The 
upper end, or throat, of the furnace, about 16 feet in diameter, 
is closed by a east-iron cup and (^one, E, to allow of charging 
without interfering with the exit of the gases through the pipe, 
E. At the. i)ottom of the hearth a space, (}, is left in the. brick¬ 
work, w hieh can be tamped up while the fused metal is collecting, 
and unsto])ped when th<! charge is ready to be drawn. To avoid 
the fluxing action of the slag, the lirebrick li)iing of th(“ bo.shes i.s 
sometimes replai'ed by brickes of grajihite coke, which are, howevej-, 
liable to wear and tear bv oxidation. On account of the high 
temperature needed for tlie smelting of iron, large volumes of 
air at a considerable pressure have, to be '.supplied to induce 
aullh’iently rajiid combustion ; it is obvious that., within certain 
limits, it is advantageous to heat the, t)la,st. For instance, the 
use of a hot blast will effect a .saving of 16 to 16 per cent, of fuel. 
The air is,supplied from a blowing engine, through the pipe, 
H, which nearly surrounds the boshes, and is provided with a 
number of jets, K. l■allcd the, tuyeres (twyers), which ])a.ss into 
the furnace, at the upj)er part of the, heaitfi. The. nozzles of 
the twyers are protected from the heat of the hearth by a jacket 
through w hich <'old water i.s circulated. The aii- supply is lie-ated 
by pa.ssage through the Cowper or WhltMtell StOVe, E, or soiru* 
modification, such a.s the Massick and Crookes, or Ford and 
Moiicur, or (lowper-Kcimedy. All these act on the, regenerativ<! 
principle (y.r.), and serve to heat the filasl. 'f'lic t'ow})er stove 
consists ot a tower containing a Hue, M, the. remainder being 
filled with (du!quer liriErick, N. Tlu^ object of this stove is to 
utilise the heat of the gases from tlu^ blast furnaia', as well as 
that produced t)y the combuatio)i of the, (,'0, etc., contained in 
them. Their value as a fuel may be judged from the following 
analy.scs, which are typical of gases obtained when coke and 
coal arc used as fuel, though in actinil practice considerable 
variations occur {Turner) :— 
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Great developments are bcin<f made in the direct nse of blast 
furnace ghscs, after purifyinc, for produciti}; power in sms 
engines. 

The gases from the blast furnace (at a. tcmirerature of aboiil 
250° C. = 182° F.) pass by an underground ])ipe, 1’, into the 
flue of the stove, where they meet a .supply of air and are burnt, 
the products of combustion travelling down througli the chequer 
brickwork, N, to which they impart their .sensible lieal,, lu'fore 
pa.ssing away to the chimney by K. The waste ga.ses sometimes 
contain an objectionable amount of dust, which clogs u|) the hot 
blast,stovcR; moreover, the dust may itself be of value (.as when 
it contains zinc).« For these reasons it is the cuslon\ to insert 
some form of “ dust-catcher ” in the “ down-comer ’ oi' w i<le 
pipe bringing the waste gases from th(> furnace to the stoves. 

In one form of dust-catcher now in general use the gases ])ass 
down a central tube at a relativelv high spi'ed, and enter a much 
^vidcr tube, up which thev rise with a much snafller vehx'itv, 
after which they j)ass to the main gas Hue. The (hist collects 
in the bottom of the wide tube, and is periodically removiid. 
These, stove.s are. worked in sets, om; being lutated in the manner 
described above, wdiile another is serving to heat, tlie air blast, 
which, is forced in the contrary direction through the pipes, S, '1'. 
to the twyers. TAe pipe thus serves to feed all thi^ stoves. 
Formerly the blast was heated by passage, through ca.st-iron 
, pipe.s, set in a, furnace fed by the combustible g.-ises fi-om th(‘ 
blast furnace—a metliod which allowed of continuous wauking 
with a single stove—but the need of higher temperatures made 
east iron an unsuitable material for the construction of the 
stove, and simple, substitution of a lire.(duy for a cast-iron tube' 
was impracticable, owing to the dilliculty of keeping it tight to 
the pressure of the blast (2J to 7 lbs. per .square inch), and a 
plan whereby the. air was heated by direct contact with a mass 
of refractory material had to be adojrtcd. A modern hot bhist 
has a tenyierature of .about 800" C. = 1,172 ' F. Where blast 
furnace.s ttre worked with raw coal instead of coke, tlm c.ondens- 
ablc products of the destructive di.stillatiou of the fuel (notably 
tar and ammonia, the latter in the propo.iion of O'l to 0'15 per 
<,'.ent. of the waste gases) are collected before, ^he gas is burnt iit 
tiie stoves. This is effected cither by passing the gases through 
ap air condenser and water scrubber, similar to those used in gas ' 
manufacture (q.v., Voi. II.), or by treating the gases with a shower 
of sul^iurie acid, both methods involving the cooling of large 
volumes of gas. To ii^void this it has been projio.sod to mix the 
•blast-furnace gases with SO., from pyrites kilns, and to eolleiit 
the resulting ammonium .sulphite. In con.so((uciKe,of certain 
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defects, due to incomplete condensation and contamination 
of the ammonium sulphate with tar, these acid proce«,3es are not 
now employed. By the first-mentioned method (a recent modi¬ 
fication of which is the Gillespie process, in which improved 
washers of a special type are used) about 40 gallons of crude 
ter and 21 lbs. of ammonium .sulphate per ton of coal are 
obtained. 

A recent devdopment in blast-furnace practice is the drying 
of the air before passing it through the stove.s. This is accom¬ 
plished by drawing the air through refrigerators in which the 
moisture is condensed. The' heat whicli would have to be 
expended in raising the temperature of the winter vapour to that 
of the exit gases from the stoves is thereby saved. Moreover, 
by thus drying the air it is claimed to be possible to increase 
the burden ot the furnace, and production of pig iron by 20 per 
cent., to reduce the amount of coke per ton by 18 per cent., and 
to diminish the duty on the blowing engines, the effective capacity 
of whidi, in terms of oxygen, is greater on account of the colder 
air being more dense. The greatest advantage, however, is in 
the increased regularity of working the furnace, particularly 
where marked variations in temperature occur, because the 
amount of moisture carried into the furnace by the blast varies 
very largely with change of atmospluric coifilitions, and necessi¬ 
tates the burden of the furnace having a safe margin of fuel to 
allow of a .sudden loss of heat from this cause. 

An interesting comparison may be made between English and 
American blast-furnace pr.actice. The following figures .show the 
different conditions in typie.al eases (Iliorns ):— 


] Cubical contents. 

Temperature of blast. 

Cuke per ton of ore, 

Limestone, .... 

I Ore, ..... 
i tVeight of blast per ton ofore, 
i Weight of gases, . 

TemiJerature of gases, 

I Tons of iron per 1,000 cub. ft. 
space produced per week. 

Slag per ton of iron, 

! Calories produced jxT ton of iron. 


Clcvtilami 

Pittebui^. 

2,l,.')00 cub. f(. 
704° C. 

18,200 cub. ft. 

f)93° C. 

lO'OO cwt.s. 

10-80 cwt.s. 

ifOO „ 

9-00 „ 

48-00 „ 

.32-30 „ 

87-15 „ 

71-20 „ 

119-,50 „ 

110-10 „ 

250° 0. 

170° C. 

21-57 

128-0 • 

28-00 ewts. 

10-70 owt.s. 

88-0 

09-6 ' 


In gtaioptl, the English furnace has a greater capacity than 
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Ihe American, llcccnt e.\|tcrience favours a more raj)id working, 
and in the* American furnace a maximum production is obtained. 
The gi'oat reducing energy of the American furnace with its high 
grade ore and fuel, its high pressure blast (10 lbs. as compared 
with 5 lbs. in England), and rapid working yields .si.x times as 
much iroir jh'i’ cubic foot of space as tlie, English furnace. An 
.\met'icau furnace produces on an average l(K).IKH) to 150,tKK) ton.s 
per annum, while .some have an output of .5,(KKt tons pig iron per 
week. 

In starting a blast furnace, the temperature must be ,sl()wly 
raised, to avoid cracking the walls of the structure. The hearth 
is filfed with woijfl, and the boshes with coke. When thi.s fuel 
has been ignited, the body of the furnace is hlled with or(‘, lime¬ 
stone, and fuel (constituting the burden of the. blast furnace), 
the materials being charged in rotation. The )iroportions of 
these materials vary ai’cording to the character of the ore and 
.according to other conditions. Tlie blast is gradually turned on, 
a,nd after about three weeks the furnace is working at. full blast. 
'I’he rotation of cliargiug is maintained until the furnace needs 
repair, crude iron and slag collecting at the hotloin and being 
periodically (a))ped. The, slag, which collects above the molten 
iron, is run into waggons, wliilst the metal is allowed to flow 
into pig-moulds fashioned in sand to receive it. The selwtion 
and proportion of the materials to ho used as flux are determined 
, by the nature of tln^ iion to he produced (I'.n), as well as upon 
the eharactev of the gangne. A good bhist-fnrnace .slag must 
contain silica, alumina, and lime. When the gangne i.s chiefly 
argillaceous, limestone snltices as a flux ; hut if it he siliceous, 
ail aluminous ore must be added; while if it he basic— e.g., in 
.spathic or oolitic ore, which contains calcium (arhonatc—both 
silica and alumina, a.s clay or shale, are required. A judicious 
mixing of ores will frei|iieiitly serve the same juirposes. The 
most siliceous slag usually made, conesponds with the. general 
formula ‘2R(). hSit),., whore UO is any base, either KO or R2O3. 
The most fiasie blast-furnace slags e.orrcsiioiid with the formula 
lORO . 3SiO.,. The average eoke-fed furna,(;c slag approximates 
to 2R(). Hit).,. 'I’hus the. seleiTion of tic,' fluxing material must 
<le])end upon the aiialv.sis of the ore and of the flux itself, and 
on the requirements of each partieiilar blast furnace and its 
produce. 

'rhe following aiialsses are (pioted liy 'J'urner as reprosentii^ 
the eoiliposition of blast-fiiriiaec slags at Dowlais. The first is 
.a complete analysis of^an average slag. Numbers 2 and 3 arc 
•partial analyses showing the extreme variation in the eomposij 
tioii of slags working on white iron, while the aiialysijj of a grey 



186 


METALLURGY. 


iron slag is added for comparison (No. 1). The analyses are br 
E. Riley :—• • 




Wliitf (roll Sluir. 

4. 


1. 

2. 

Miiximuin. 

3. 

Miininiiin. 

(Jrt'y Iron 
»lap. 

SiO. 

41-8.-) 

45-2:i 

:!9'00 

38-48 

At,b. 

i4-7:t 

17-14 

! 1T).") 

1,0-13 

Fe(). 

2o:{ 

• 0-91 

1-29 

h-70 

MnO, 

1-24 




CaO, 

.'10-99 

;i4';!-2 

23'Sl 

32-82 

MgO, 

4-70 




K..O. 

1-90 




Oi, .... 

1-1.0 




s, . . . . 

(>•92 

i'Si 

0-47 

0-99 

R,0,. . 

l)-15 

! 100':!2 

0-4:1 

o-io 

0*15 


Blast-fiiriiace slag is a crude gla,s.s, .sometimes oixuiue, and 
varying in colour from dark grey to light green. Slags, when 
acid, are permanent in air like glas.s, but wlien ba.sic may dis¬ 
integrate .spontaneously by the liydratioir of the lime vvhielt 
they contain. Blast-furnace slag is practically a wasted product." 
but tlie harder kinds, if not too glassy, are prolitalily u.scd to 
some extent for ro.ad mending, levelling waste lands, building 
breakwaters, a.nd for ballast. It is also used tor nniking bricks 
and cement (see Vol. II.). 

The following analysis represents a slag suitabb* for cement 
making 


(sur., 

.U.O:, 

Feb, 

MnO, 

OaO, 

CaS, 

MgO, 

SO,), 

\Vat('r and CO... 


2(1-(tt 
18-71 
0<i5 
0-U8 
44-57 
1-71 
.5-07 
1-00 
0-90 


00-09 


Since the introduction of the bacterial method for the treatment 
/)f sewage, slag has been used in considerable quantities for filtef 
bcds“ Fipally, it is converted into a product known as “slag 
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wool." This luatoriiil is prepared by scalteriiip a stream o{ slaa 
into tenuous filaments by a jet. of air or .steam. It resembbw 
glass wool ill appcaraiiec, but is even more brittle, and finds 
application as a lagging material. 

Coke is preferable to coal in the blast furnace, as it contains 
a smaller proportion of suliiliiir. flood blast-furnace coke should 
contain not more than 15 jier cent, of inoistiire, 10 jier cent, of a.sh. 
and less than 1 iier cent, of S. It should be dense and silverc 
in appearance, and have an apparent deii.sity (including pores) of 
0'8. Its mechanical strength should be sullicicnt to lioar the 
burden of the. blast furnace, and it should be capable of resisting 
oxidation and cotnbustion until at. the tcmiieraiure of the hearth 
of the blast furnace. 

The linie.stoue should be non-doloniilic, and is pri'ferablv used 
without previous burning, as when caustic lime is charged it 
becomes carbonated ;it the throat of the furnace, and has to be 
reburnt lower down the body. 'I'lic raw materials and products 
of a Cleveland blast furnace arc given as follows bv Ttirner 


Kaw MvtT:i;iAi>. 
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The changes which occur in tlu^ ri'duclion of iron in fho blast 
furnace are maiidv inlluenccd bv the temperatures which obtain ' 
in the various |)arts of the furnace. Thi'.se changes eoniftrise the 
reduction of o.vide of iron to metallic iron, the causticising of the 
limestone, tier reduction of a portion of tlie carbon monoxide to 
carbon by the a.ction upon it of (he iron already redneial, the 
combination of carbon and iron to form cavbnvetlcd or cast iron 
(which is more fusibh’ than the pure S))Oiigv iron (irst pioduced), 
and the uTiion of the lime with the gangue to form slag. Attem))ls 
have been made to map onf the interior of the, blast furnace into 
" zones," appropriate to eertain rearhimis, Ai’cording to tins 
method of cxjiianation the feiTic oxide, is reduced near tlic throat, 
of the furnace at the ])oint where the teinjUTal .ire has reaeliisl 
dull redncs.s, tlie. change being eltected by flie reducing ac.tioi.. 
?>f carbon mono.viilc—which constitutes at this point about 
onc-tfti.h of the t.otal gases, and has been prodm ed by the reduc¬ 
tion of CO., generated by the fuel in the lower iiart of tlie furnace. 
The reaction is aceoApanied by an evolution of heat. 

3(.'o = '-'Ko -t- 3CO, + s,(ir.g Cut 
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Spongy iron dissoiniiiated tlirougli gaiigue results, and as it 
descends into the body of tlie furnace it is partly oiidised by 
more CO {which Ls capable, according to the temperature, of 
acting as an oxidising and as a reducing substance) with the 
liberation of carbon. Doubtless the ferrous oxide is again 
mainly reduced before fluxing as but little iron appears in the 
.slag. The reduction is completed, probably (at the belly), by 
the solid carbon present, some of wdiich is supplied by the 
dissociatiou of carbon monoxide, which takes place at high 
temperatures with formation of carbon dioxide and free carbon. 
'I'he reactions of carbon monoxide in the blast furnacg arc 
somewhat c.oinjilicated, being inllueiua^d largely by jdiysical 
conditions, such as mass, temperature, and ])ressuTe, and also 
by the texture of the materials used. The linely-divided car¬ 
bon and iron unite to form fusible c.arburetted iron which is melted 
in the boshes at the same time as the (luxing of the gangue 
take.s place. ‘I'lie cau.sticisiug of the limestone occurs at ,a point 
rather below that at which reduction of iron oxide begins. 

The powerful reducing atmosphere of the blast furnace and the 
high temperature obtaining therein, cause the reduction of other 
substances than iron, chielly manganese, .silicon, and phosphorus, 
while sulphur (luiunly from the fuel) is retained unoxidised, 
and appears together with the above-mentiomal bodies in the 
crude iron. On account of the simultaneous iwesiuice of a high 
temperature, basic material (alkalies from the ore, etc.), carbon 
and nitrogen, alkali cyanides are produced in the normal working 
of the blast furnace. The quantity of cyanogen thus esciiping 
may amount to G grins, per imbic metre of the. waste gases. 
When titanium is present in the ore (c.g., as Tit).^ in clay) nitrogen 
is fixed as nitride as w'ell as cyanide, largo cry.stals of the com¬ 
pound TiCy.,. GTijN., being produced. 'I’hesit constitute infusible 
masses, called bears,” in the blast furnace, and much impede 
the working. 

A compact incrustation of " furiiace-calamiiio,” j'onsisting 
chiefly of oxide of zinc, is found round the throat of the furnace 
in smelting zinciferous iron ores, no less than 100 tons of this 
compound, termed ” (liiditechwamm,” being obtained annually 
from the furnaces Aix-la-Chapelle. 

The limit to the efficiency of a blast furnace regarded as a 
* heat-machine appears to be determined by the fact that carbon 
monoxide ceases to be efficient as a reducing agent for, ferric 
oxide, at the temperature obtaining at the throat of the furnace, 
when it is so diluted with 00., that the ratm of the carbon which 
tliey respectively contain falls below 2:1. Thus the difference 
between tlia heat produced by the combustion of carbon to CO.^ 
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and of carbon to CO (viz.. 5,(KM) Cal. per kilo.) is lost so lav a.s 
the furnace is concerned, but is largely recovered by the use oi 

the hot blast stove. , ■ i , 

About 40 per cent, of the total (luantity ol lieat in the blast 
furnace is consumed in reducing tlie iron to the metallii- state, 
10 to 1'2 per cent, in tlie fusion of the iron, and I'i to 15 pei' cent, 
in the fusion of the slag, the balance being accounted for bv the 
reduction of impurities, the causticasing of the lime.stone, tlie re¬ 
duction of CO, from the lime.stone to (.'(), and the carburising ol the 
iron, while another large item (about 10 per cimt.) is the heat going 
away.with the waste gases; this, however, is mostly ri'coverecl. 

About 75 per *ent. of the total caloritic value ol the fiu'l i.s 
realised in the blast furnace, on which account it ma v be reckoned 
an efficient machine. 

The, crude iron jiroduced is run from the furnaic into .sand 
moulds, producing pig iron ; here a portion of the l arbon taken 
up by the iron in the furnai'c .separates from scftution in tlie 
metai in the form of graphite. A portion of this graphite lloats 
to the surface of the metal as " kish.” the remainder being still 
associated wit h the metal itsell. 

When the bulk of the carbon thus sc))araic>. the ""''•'■I ^ 
known as grey iron ; when partial .separation takes ))lace mottled 
iron is produced ; 'while when the .separation is at a minimum 
the material is called white iron. The jiroduction of grey iron 
. occurs ill those furnaces which work with siliceous ores .and a 
high percentage of fuel at a high temperature; silicon is then 
present in the pig. and induces the crystallisation ol the c.irbon 
as graphite. White iron, on the other hand, -s made in heavily 
burdeiU furnaces, working with the minimum of fuel (and at 
' lower tefniieratiires), and contains but little silicon, on wlmh 
account the separation of graphite docs not Uike place. 

The composition of grey and white cast iron is given below 
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The wav in wliii’li tlie metal is cooled also inlluences the torin 
in which the carbon oeenrs, slow cooling promoting ttie crystal¬ 
lisation of graphite', and conseciuent production of grey iron, 
whilst, sudden cooling favours the produ(;tion of the more homo¬ 
geneous white iron, dhillcd castings arc an illustration of this. • 
White iron is principally used for the production of malleable 
iron, b’or this object it is advantageous that it should contain 
••IS litt.le, carbon as possible and hav(^ a low content of silicon, 
phosphorus, and sulphur. Its speeilic gravity is 7'5, as against 
7'1 tor grey iron. It is harder and more brittle than grey iron 
and somewhat more fusible. (Jrey iron is us('d for fopndry 
purposes and steel ma,king. The classes of gj,'ey iron richer in 
gi-aphitie carbon ar(^ better mixed with poorer varieties when 
used for castings. It is this need for mixing which makes 
easting directly from the blast furnace undesirable, aitart from 
«|uestion of convonienei', For foundry work the metal is melted 
in a cupola fifrnace,—a small intermittently worked blast furnace-- 
into which pigs and coke are fed. By thus m(dting iron in air 
the proportion of silicon and manganese is steadily diminished, 
and the carbon is gradually cbangcid from the, graphitic, to the 
combined form. At the same time, sulphur may be absorbed 
from the furnace gases, while, the percentage of pliosphorus and 
total carbon may he somewhat increased, due to concentration 
in a smaller quantity of metal. The physical effects produced 
on the iron arc in accortlance with these chemical changes. , 
Pig iron is graded, according to its colour and texture, in 
numbers from 1 to 8, or more eommoidy Nos. 1 to 4 for foundry 
purpose.s, togctlicr with “ No. 4 forge,” “ mottled,” and “ white.” 
No. 1 is the greyest and richest in silicon, and in passing from 
No. 1 to white iron the combined cai'bon gradually increases and 
the silicon diminishes (see also p. 15). 

By varying the working of the blast furnace, the crude iron 
may be made to contain varying proportions of sundry metallic, 
as well as non-metallic, impurities, whereby its character is much 
modified. Thus, pig iron rich in silicon (ferro-siucon), con¬ 
stitutes a light coloured “ glazy ” iron useful in the cupola for 
producing grey iron from white pig. By reducing manganiferous 
ores in a blast fuyiace, various grades of manganiferous pigs are 
made. The presence of manganese causes the crude iron to 
contain more carbon than does normal pig (4 to 6 per cent, all 
in the, combined form), the alloy having a crystalline structure 
and lustrous appearance, justifying its name spiegel-eisen tmirror- 
iron). , 

. Spjegel-eisen contains about 10 per cent, of manganese, anil* 
when thi» proportion is largely increased (with a practicable 
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niaxitmim o£ 85 pw ci'iit.) tho luoial is lallod ferro-manganesc. 
Both gi’ad^s arc used in stcrl making (v.i.). For soinn pur)>o.srs 
iron rich in both silicon and manganose is produced, atnl is 
known a.s silicO'S])iegel. d'y])ical analyses of these ir(>n alloys 
at'c given 
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Fen'o-chroinium, made by reducing chronu’ iron ore, contains 
10 to 70 per cent, of chromium, and is also used in stcid making, 
particularly for armour-piercing projectih^s, .uid .s))ecial steels foi- 
tools and motor car*iarts. W hen prepared in the ordinary way, 
fcrro-c.liromes, like ferro-manganese, always contains a. high 
n'oportion of carbon, the percimtage of which increase,s with 
hat of the chromium. For certain purposes low carbon ferro- 
■hrome is required, and is produced from pure oxides of chromium 
ly the thermite jn’oeess, or in the electric furnac.e. 

Other ferro-alloys, .such as ferro-vanadium and ferro-tungsten, 
ire made- in a similar manner. Ferro-titanium has rccentlv 
•eceived the attention of metallurgists, and will doubtles.s hav(^ a 
more, extended .application when its prop(>rties bcfomc better 
known, and the methods of production irniiroved and (dieajiencd. 
Titiinium itself mav be prc])ared by tbe (ioldsmith thermite 
process, while Rossi produces ferro-titanium by means of a 
mixture of titanic ore, aluminium, and scr.ap iron in suitable 
proportions in an electric furnace. *■ 

bWro-aluminiums, contoining 5, 10, 20, ofco'her percentage 
of aluminium, are prepared by melting the materials in crucibles 
onby the use of the electric, furnace ; they are employed for steel 
making, to give, soundness to the ingot, and in the. foundry to 
produce soft, grev castings. Pliosphoric pig iron, containing as 
much as 7 per cent, of iihosphorus, is manufactured for the basic 
‘- teel process from ores rich in phosphorus, or by the additipn ol' 
basic slag to the charge. 
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The fact that graphitic iron (grey iron) is readih jjanvcrtiblc' 
into carburettcd iron (wliite iron) by rapid cooling (whicli pre¬ 
vents the separation of graphite), allows of the production of 
chilled casting.s by pouring molten grey iron into moulds, which 
arc constructed of massive iron, at such points of the casting as 
are to be chilled. The surface immediately in contact with the 
cold iron is converted into hard white iron to the depth of J inch 
or more. This method is used for rolls and railway carriage 
wheels, the latter being employed in .4meri(;an engineering 
practice (r/. p. 16). 

Pig iron from the blast furnace, is of low tensile strength ^bout 
7 tons per square inch) and comparatively brittle. At the same 
time it is not malleable and cannot be welded. 2’hus, while cast 
iron has the special application indicated by its name, its value 
for structural uses, where tensile strength and ductility arc 
rcapured, is small. 

in early days and among primitive peo])lcs, pure iron wa.s 
reduced directly from the ore, the production of fusible, impure 
iron, such as is obtained from the blast furnace, constituting a 
later stage of development. The direct production of iron is 
onlv j)racticable, as lias been already mentioned, from pure ore 
(c.r/., rich magnetite) and pure fuel—viz., ch;vrcoal. The modern 
large demand for structural iron of high tensile strength renders 
it impossible to obtain a .suHlcicnt supph' from these compara¬ 
tively Scarce materials. Hence it is necessary to jiroducc a* 
crude metal, and to refine this to the desired degree of purity. 

'I’he methods for the direct production of wrought iron from 
the ore are comparatively unimportant. 'I'lio process is .still 
employed by .savage races who make iron, and also in places 
where the character of the ore, the fuel, or other conditions 
render the adoption of the blast furnace impracticable. Judged 
bv its annual output, the most important process is that of the 
American Bloomery, employed in the Eastern States, where 
charcoal and rich magnetic oi'cs are available. TIk reduction 
is performed in a water-cooled iron hearth with a hot blast. In 
India the natives use both open hearths and small bla.st furnaces. 
In certain European rocalities— e.(j., Spain—a jioculiar hearth, 
known as the “ (<t.i,talan forge,” is still employed. Of course, a. 
large number of processes have been suggested or introduiicd 
for the production of commercially pure iron direct from the ore, 
but not one has proved itself capable of competing ndth thi‘ 
indiTe(;t blast-furnace process. For details of these processes the 
larger metallurgical works should be eonsulted {e.g., Percy’s 
'Iron ’and Steel, and Turner’s Iron). The disadvantages inherent 
in such pfocesscs are that the yield in a given time is relatively 
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small, while the cost of labour and fuel and the loss of iron in 
the slag are relatively great. 

For the better realisation of the relation between erude iron 
and the products of its purilieation, the following method of 
cftlssification. which is based on that which is oflicial in (iorinaiiv. 


may be quoted (Ost) 

CitCKF, Icon 

Contains over 2 per cent, of im 
]»uiities ; generally U to 10 per cent 
(C, 2 to 5 per cent., together with 
Si and I’) melts witliout passing 
througft any well'inarketl pa.st.y stage, 
is therefore not nialltfildf!; brittle :it 
the ordinary temperature. 


A. Grey Iron.—The hulk of tin- 
carbon is graphitic, giving a grey 
fracture. 


Ik White Iron. —'J’ho hulk of tlu- 
carhon i.s com'-ined, am'* is not pn.-- 
sent as grapliitic carhon. 


C. Spiegel-eisen and Ferro man- 
ganese. 


M.Al.l.t,\l:I.K Itaes 

Contain.s a .smaller ])ntportion than 
per <fent. of impurities, citi'dly 
carhon, generally und<‘r I per eeiit.; 
higher fusing point than crude ir«in, 
increasing as the impurities decrease; 
softens gradually on lieat ing uj) to its 
fusing point, ami is tlierefoif^ malle¬ 
able. Those kinds which are mark¬ 
edly poor ill impurities are inalleahle 
when cf'l'l. 

A. Puddled Iron. #l’n-pared in a 
pasty, imp<-rfe«-( ly fused stiite. tin rr 
fore not lionuigenetms; eont;iiii> in- 
termixeil lag. Wuictie,'-* e«mtaining 
nioie carhon are torim-d puddled 
steel. 

I’>. Ingot Iron (rndd atcel). Ihe- 
]>ai e{l perfectly fluid, tln rtfhn t* lioiinn 
gifiieuus and free frc)m .slag. 1 lie 
lianler varieties, containing more 
carhon, may he called ingot >te« 

(’. Special varitlic', imhmiing 
malleable cast iron and temper 
steel--'.'/., cementation .steel. 


The csacnt.iid difference t)Ctwccn cast iron. Steel, niid wrought 
iron (using' thc.sc terms in their common ucc(!p1ii( ion) liospn 
their varying content of carbon. Ideal cast iron consists’'of 
Pe with .1 to .5 per cent, of C as graphite ; ideal steel of Fc with 
()-5 to 2'0 per cent, of combined C ; ideal wrought iron of Fe 
with under /f'l per cent, of (!. Intermediate, percentages of C 
give products approximating to one oi- other of tlie materials 
thus classified. From this it follows that ideal cast iron and 
ideal wrought iron, when mixed in suitable proportions, would 
yield steel if the appiropriate change in the •con(’’:tion of the 
carbon were effected. With commercial metals the production 
of ttccl by the mixtu'-e of cast and wrought iron is generally 
impracti(;able on account of the presence of impurities— s’.'/., 
phosphorus—which, although of small account in cast or wrought 
iron, are highly deleterif)u.s to steel. The production of steel, 
tTmrcforc, involves more roundabout methods than would appear 
♦ Used for large steel castings. * 
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from its mere percentage of carbon. These will be described in 
due course. 

PURIFICATION OF CRUDE IRON.— Mo.st of the impurities 
of crude iron, notably carborr and silicon, are more easily oxi- 
disablc at liigh temperatures than is the metal itself, whence it 
follows that all processes of purilieation, except that by electro¬ 
lysis, depend on the removal of the impurities by limited and 
regulated oxidation, which may be effected either partly by solid 
oxidants—c.;/., in puddling—or by air, as in the Bes.semcr process. 
The carbon is removed as gaseous oxides, the silicon as SiO^, 
and the phosphorus as rX).,, the last two acid oxides,being 
more readily eliminated in the presence of a strong basr;—c.y., 
FeO or t'aO. 

1. Purification without Complete Fusion of the Product.— 

As has been stated above, white iron is better adapted than 
grey for conversion into malleable iron bx' puddling, because its 
comparatively low content of silicon causes it to jiass through 
a pasty stage before fusion, the advantage of which will be 
gathered from the de.scription of the puddling pro(;c3s (v.i.). 
Grey iron melts more sharpl)' than white, and, therefore, can be 
oxidised by a gaseous oxidant injected through it more readily 
than by treatment with a solid oxidant. ^ O.xidation with air 
blown through the metal is comparatively modern, wherefore 
the production of malleable iron from grey iron was formerly 
necessarily preceded by the conversion of the grey iron into 
white iron. This process w'as conducted in the refinery—the 
term being a misnomer as the product is not sensibly refined, 
but merely converted into white iron. The German phrase 
wcissmacheii (whitening) is more appropriate. 

The refinery hearth consists of a rectangular cast-iron bed, th„ 
floor of which is of sandstone, and the sides hollow and water- 
cooled. A chimney surmounts the hearth, and upon the latter air 
is directed through twyers at a pressure of 2 to 3 lbs. per square 
inch. The floor is protected by a layer of brokep sandstone 
which soon fluxes to a glaze. The charge of grey pig, or of 
molten iron direct from the blast furnace, mi.xcd with coke, is 
kept under blast for about two hours, during wdiich time the 
iron forms a layer beneath the fuel, but is oxidised by the air 
directed downwards upon it. The silicon is the main impurity 
oxidised, carbon and phosphorus being but little affected. Thus, 
the slag is a nearly pure ferrous silicate approximating in formula 
to 2FeO . SiO.,. The white iron is run into chilled moulds in the 
form of plates 2 to 3 inches thick, which are brittle enough to be 
aftenwards easily broken. The refining proper (as distinct froiil 
“ whitening ”) of the metal thus obtained was originally effected 
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in an open liearth, whieli consisted of a foi'S<‘ worked with a 
blast. Ill this forge, fuel (ehareoal) was first raised to iiicaii- 
desceiiee, and the iron (died on top. After a time the metal 
melted atul trickled through to the, bottom of the hearth, pas.siug 
Arough the stream of air from tlie twver on its way. Basic 
silicates of iron were thus formed, and a certain amount of 
decarburation oi’curred, so that the mass became jiasty ; it wa.s 
then balled and rejilaced on the top of the fuel, its passage to 
the bottom and o.Kidation being repeated. Finally, the “ bloom," 
or mass of pasty metal, was beaten under a tilt hammer to e.xprcss 
slag. , In this operation o.xidation is elTeeted both bv solid oxi- 
<lants (oxides of iw>n) and bv air. 

This process, known as the South Wales jiroei'ss. has been 
almost completely abandone.d in this eottntry in lavour of the 
manufacture of .steel, and is only used to a limited extent for the 
production of " best ehareoal iron.” 

The puddling process, introdueed abotit I'JO yeait ago, differs 
from the, open-hearth process, in that the metal is heated by the 
combustion of gases instead of by direct contact with solid fuel. 
The, solid fin.'l whence the, gases are produced may, therefore, 
<-,ontain suliihur, the K()„ given otT on e,ombus(ion not being 
ab.sorbed bv the iron. The need for a non-sulphurous fuel such 
•i.s charcoal is thereby obviated. The re.verberatorv furnace 


shown in Fig. lo is the oldest form of furnace for this jmrpose, 
and irrovides gaseous fuel in precisely the same, manner as the 
modern gas jirodueer does (see p. 80). 'J’he bed of the rever¬ 
beratory furnace which forms the puddling furnace is of cast- 
iron plates, sujiported on wrought-iron bars, which .allow of free 
cire.uiation of air, whereby the plate,s are cooled. Tlii.s bed is 
'^irotectod by a lining or “ fettling ” of hammer slag sijucezed 
from the bloom (w.f.), and a sujierlieial layer of nearly jmre oxide 
of iron—e.g., Inematite—the whole being so moulded that a 
saucer-shaped depression is formed. In older forms of the 
process, knpwn as dry puddling, “ relined ”—i.e., white iron (v.s.) 
—was used and heated until it became pasty and partly oxidised, 
when it was hroke.n up and continuously stirred t,o mix it with 
the oxide formed. In the modern method of puddling—“ pig¬ 
boiling ”—grey iron is u.sed, and allowed t(^ become perlcetly 
fluid before stirring with oxide of iron, which is jirovidcd in this 
eajc by the fettling. During this incorporation the temperature 
of the fiirnace is lo,,ered, and slags containing oxide of iron are 
added to flu.x the silica formed by the oxidation of the, .silicon 
of the pig. It is sometunes the custom to make certain additions 
•of “ physic ” (msually <(uack preparations) during the early stages* 
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a mixture of manganese dioxide 
and salt; the former supplies addi¬ 
tional oxygen and promotes fluidity, 
while the salt, being decomposed b\' 
silica, possibly assists in the mor<? 
complete removal of phosphorus as 
chloride. Usually, however, the 
propoi'tions of “ physic ” added are 
too small to produce any marked 
effect. When the blue fiam(; of Ct), 
duo to the oxidation of the cvrbon 
of the pig by tlie or.idc in the slag, is 
perceived, the temperature is raised, 
to com])ensate for the decreasing 
fusibility of the, iion as its iin|)uri- 
ties are removed. 'I’hc charge is 
now “ rabbled ”— i.e.. .swept from 
the centre towards the circumference 
of tho hearth by an iron bar—during 
which process the ebullition of the 
mass caused by the escape, of (.'() 
decrease.s, and the iron “ comes to 
iiature.” After auolher thorougii 
mixture the metal is agglomerated 
into balks, which are brought to a 
welding heat and w ithdrawn from 
the furnace. It is then strongly 
compressed either by blows from a 
steam hammer or by means of a. 
squeezer consisting of a lever, on (ho 
principle of a pair of nut-crackers, 
working against a bed plate. The 
slag is thus squeezed out, and .a 
“ bloom ” of wrought iron is ob¬ 
tained wliicb can be rolled down into 
bars by passage between grooved 
rollers. The iron is rendered more 


nearly homogeneous and its quality 
improved, by cutting the puddled 
bar into lengths, piling it, re-hcatijig 
in a reverberatory furnace, and 
again hammering and rolling. These 
reverberatorj’i furnaces are similar 
to those used for puddling except* 
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aowmviirds towards the flue, at, the bottom of whieb the “ flue 

• indev ” flows out. For re-heating e'r'"‘A m£n 

the usu il reoenerators) are often employed. A modern 
Sem ur, ar . as used for puddling and reh..rtmg. is shown 
if rhe acconrpanving illustration. The .ron thus ,n,proved .s 
of the grade known as “ merchant iron. 



Kig. 16. 


Many attempts have been made to repla<a>, '‘^nd puddling ^ 
mechanical processes, but hitherto tl ( ^ have met "ith very 
limited succe,ss. 'riieie are two classes of m*ohamcal puddling 
processes • in the one the rabble is actuated by power, in the 
other the bed of the furnace takes the form of a 
internaUy by prodmer gas from a separate grate, ‘.ai able of 

latation,'the‘whole arrangement being comparable 

revolving black a.sh furnace (see Vol. 11.). The cybnd 

•is lined with oxide of iron fetthng which is brought ' 'J ' c«n 
tact with tl^e charge and efteets decarburation. Ilu? following 
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analyses {Turner) .show the composition of puddled bar and of 
the finished wrought iron 'I'he impurities are largely derived 
from interstitial slag, which may he present to the extent of 


1 per cent., or even more:— 

ru.Mica 

Uar. 

Wroujjlit 

Jrou. 


I’tfv font. 

Per cent. 

Carlion. ....... 

0*10 

0'0<’ 

Silicon, ....... 

0-13 

ir 

Mangan(‘sc. ...... 

1 0'08 


Phosphorus, ...... 



Sulphur, ....... 

O-Oo 


Iron (by dilTcivncc), ..... 

99-20 

9 . 


lOUMH) 

1(10-00 


The output of wrought iron by puddling crude iron is about 
90 to 91 per cent, of the iron charged. 

Chemistry of Puddling. —The process of puddling is conducted 
essentially for the selective oxidation of tl\o impmrities of the 
crude iron, hut at the same time the charge must he mechanically 
worked, not only to expose ample surface to the incoming air. 
but to cause the slag (formed by the impurities), whicli is inti¬ 
mately emulsified with the metal, to run together and agglo¬ 
merate in distinct drops easy of expression under the hammer. 
In common with other processes for purifying iron, puddling 
first causes the elimination of silicon and manganese, carbon, 
sulphur, and phosphorus being removed at a later stage. 

Of the two principal theories of puddling which have been 
suggested—viz., Siemens’ magnetic oxide theory, and the ferric 
oxide theory of Snelus—the former is most usually accepted. 
According to this theory the oxidation of the silica .and c.arbon 
is entirely due to the fluid oxide of iron present in the “ cinder.” 
which may be taken to consist of milgnctic oxide Fe.,0, and 
ferrous silicate. Indeed, it seems doubtful whether ferric oxide 
Fe.jO;) ever exists a: such in fluid cinder. 

In the ordinary process of puddling there are two varieties of 
cinder produced, differing somewhat in composition. The first 
variety is known as “ boilings,” from the fact that it bcjils over 
the forcplate during the heat. The second kind is “ tapped ” 
out at the end of the process, and is known as tappings. The 
following typical analyses show that the “ boilings ” are richer 
in phosphorus and silica than the “ tappings ” (Turner). 
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if the reinovai o£ carbon from mule iron by piuldiinj; be 
stopped before the stage corresponding with wrought iron is 
reached, a steely iron, called puddled steel, is obtained. A pure 
raw material must be employed, as the iniluenco of sulphur and 
phosphorus upon steel is more deleterious than upon wrought 
iron. Modern steel-making processes have di.splacod»this method. 

Puddled iron is a definite variety of malleable as distinct from 
crude iron, by reason of its structure. Having never been fused, 
and having been repeatedly hammered and rolled, it consists of 
a mass of parallel fibres arranged to form lamina!, each of which 
may be regarded as the repre.scntative of a member of the “ pile.” 
Between adjacent fibres and laminoe, slag, whidi has escaped 
expression, exi.sts and renders the metal non-homogeneous. 
Malleable iron which has been j)roducod by rnethod.s invohing 
perfect fusion, and is, therefore, homogeneous and sulistantiallv 
free from slag, is now largely mad(', by proces.so.s originally devised 
for the production of steel. Such ” ingot iron,” commercially 
known as “ mild .steel,” is produced by the dccaiburation of cast 
by the o])pn hearth and Bessemer jirocesses now about to 
be described (flu! properties of wrought iron are considered on 
p. n,etseq.) 

2. Purification of Iron by Methods Involving Complete Fusion 
of the Prpduct. —These methods, which have been adopted 
within the last thirty years, are typified by the Bessemer process 
and the Siemens Martin process. 

The Bessemer process consists in lilowing air through fused 
pig iron wherehy the impurities present arc sjicccssively oxidised 
and an approximately pure iron results, to wl ich carbon is 
Tutored (in cpiantity depending upon whether an ingot iron or 
a steel is recpiircd), b • the addition of a material rich in carbon 
—e.g., spiogel-cisen. 

The process is almoijt unique among our large manufacturing 
• industries in that it is carried on to-day substantially hi the 
.same manner as when it was originated some 50 yeajs ago ; the 

* f 
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only improvements that have been introduced being in detailed 
mechanical arrangements and larger appliances. ^ 

The operation is conducted in a “ converter,” shown in hig. 17. 
This consists of a shell of steel plates with a refractory lining 
and carried by trunnions on which it can be rotated for filfeg 
and emptying. The converter is made in two forms, known as 
the concentric and eccentric, according to the shape of the nose 
or upper section. The latter form has the upper part of the 
convertor straight on one side and curved on the other, while in 
the concentric one (illustrated in the figure) this part forms the 
frustrum of a cone, the sides being equally inclined to the arxis of 
the converter. An air blast is supplied through pipes (which 



Fig. 17.—Walker’.s 10-ton converter. 

A, Vertical .section. B, Side elevation. 

pass through the trjmnions), whence it travels to the air box at 
the bottom of the converter, and thence by twyers to the interior. 
The bottom of the converter being the portion subjected to the 
greatest wear, and requiring to be frequently renewed, ij made 
so as to be eosily replaced. The usual size takes a charge of 
about 10 tons. As originally devised, the Bessemer converter ^ 
v>as lined with ganister, a highly siliceous material, refractory 
high temperatures. The acid (diaracter of this lining did not 
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R.II 0 W ol the einploynient of iron from phospliorio ores, ns tLe 
•elimination of pliosphorus only takes place freely in the presence 
of a base capable of forming a stable phosphate with the. oxidised 
phosphorus. Pure hasmatite j)ig has, therefore, to Ire used in 
a?>^cid-Iined converter. The chief essentials in its composition 
are a very low percentage of sulphur and phosphorus, with about 
2 per cent, silicon. Grey iron is more suitabh' for the acid process 
than white iron, on ac^unt of its greater fluidity and its low 
sulphur content; moreover, its carbon being in ihe graphitic 
form, the production of carbonic oxide a t too ('arly a stage in the 
process is'not so probable as with white iron. I he silicon is a 
more important .•^nirce of heat than is the ca,rbon, on account, 
of its high heat of combination with oxygen. In order to blow- 
iron containing less than 1 per cent, of silicon, successfully, the 
heats must follow each other (piickly, and the vessels and ladles 
must be very hot. t^iick blowing and short intervals is char¬ 
acteristic of'American practice. 'J'he greater the. percentage of 
silicon the hotter is tin' charge, tin- longer the blow, the greater 
the loss, and the more expensive the repairs and maintenance 
If, however, the silicon is too low, it causes cold heats and bad 
working generally. .Ilow-e considers that l-2.o per cent, is the 
best proportion. In England, where high silicon irons are 
commonly available, the aim is to keep the silicon sufliciently 
low, whilst in Sweden it is just the reverse. A pig such as is 
j used in this country, and the iron jiroduced from it, have the 
following compositions 
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The molten metal for supplying the converter may be melted 
in,a cupola, or taken direct from the blast furnace, or from the 
latter to a receiver or mixer before finally passing to the con¬ 
verter. ' The modern cupola is really a .small blast furnace. In 
some cases the outsidg .shell will be 10 to 12 feet in diameter, 
'and the blast pressure as much as 2 to 3 lbs. per square inch. 
It is usually lined with firebrick and gau'ster. , 
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According to the best practice, uniformity of raw material is 
secured by mixing the product of .several blast furnaces—thms 
avoiding the effect of individual irregularities of working—and 
running the still lirpiid metal into a tipping ladle, whence it is 
transferred to the converter. An extension of this principle. 
been adopted by .1. Massenez, who combines the process of mixing 
with a method of desulphurlsation, the two operations being 
carried out by the plant shown diagrammatically in Eig. 18. 
The cast iron is tapped from the furnace into a ladle which is 
ran by a locomotive to the mixer shown in the middle of the 
ligure, and is tlum treated with sufficient ferro-maiiganese t(f 
remove the bulk of tlie sulphur as MnS, whiclv floats to the top. 
The desulphurised iron is turned into a, second ladle, shown 



on the right-hand side of tlie figure, and is (amveyed to the 
converter (i/.u.). 

The converter is previously heated b}' a charge of burning 
coke wliich is raked out before the vessel is filled. * The blast 
(usually 20 to 25 lbs. per square inch) is started, and the con¬ 
verter, which was turnyd over to receive the charge, is raised 
to a vertical position. I’he silicon and manganese in the iron are 
first oxidised and Vhc. temperature considerably raised by their 
heat of combustion. A slag of manganous and ferrous silicaf^es 
is thus formed. In consequence of the products of combustion 
being solid, but little flame is visible at the mouth of tiie con¬ 
verter at this stage of the process, which lajts for some six minutes. 

the silicon is removed, the graphitic carbon becomes coii- 
verted" into combined carbon and then burns, the charge boiling 
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from the escape of CO, whicli burii.s at the inoutli of tlie con¬ 
verter, accompanied by .a shower of ])iu'ticles of burnin}' iron. 
If the blow is too hot, as indicated by the appearance of th<^ 
Hame, scrap steel is added to lower the teniperatnrc. This 
seiJ«*jd stage occupies another six inimites. During a third 
period of .si.x minute.s the Hame die.s down, and is .succt'eded by 
a stream of white-hot nitrogen from the air of the blast, tin* 
oxygen of which is retained by the charge. A certain amount of 
both iron and manganese is volatilised during the second and 
third stages of the blow, when the metallic vapour.s are carried 
out and bifrnt with the carbon monoxide. Vrom the composition 
of this “ fume”—»FeO MnO 48'23. 8iDo 31'8G per cent.— 

Prof. Hartley suggests tlu^ volatilisiition of frc(^ or combined 
silicon. Probably the, “ fume ” is partly caused by tlie mcchanica.l 
action of the blast. The metal now contain.s more traces of 
impurities (sec table above), but is slightly oxidised. The con¬ 
verter is inclined, and a charge of spicgel-ciscn added^ the amount 
being dependent on the grade of the la'quired product. 'I’ln^ 
addition of manganese in some form i.s absolutely es.sential in 
ordinary cases, as without it the steel is quite unworkable. Tint 
contents of the converter are, finally emptied into the ladle, 
whence, after its temperature has fallen suliiciently so that 
it pours quietly and is capable of yielding a sound casting, tin* 
metal is allowed to flow into vertical cast-iron ingot moulds. 

• The effect of the spiogcl-cisen is shown in column 3 in tlie. above 
table. When a metal very low in carbon—c.g.. t)'2.u per cent, 
is reiiuircd, ferro-manganese is subsfituted for the spicgel-eisen, 
as by this means for a given eontent of manganese a, smaller 
proportion of carbon is introduced. It is not found adi'isable to 
j^<^nse with the use of spicgel-eisen or of ferro-manganese 
by stopping the blow when tlie metal contains a residual amount 
of carbon identical with that required in the finished product, 
as it is less easy to hit the precise point than to almost com¬ 
pletely deciirburise the metal, ami then restore* carlion to it in' 
known amount. Moreover, it is probable that manganese lias 
a beneficial effect as a do-oxidant. 

Occasionally, liowcver, in Sweden, wl^n the amount of man¬ 
ganese in the pig is aliove. 2 per cent., the dir('c| method is adopted 
—that is, the blow is not continued till the whole of the carbon 
is«burnt off, but stopped when the metal contains tlie desired 
amount^of carbon, wliich is judged by tlie aid of tlic spectroscope 
and the colour of the slag. 

In regard to the inei'hanisni of the reactions taking place in 

* Carbon as sucli lias Ih oii proposed as a sub.stitute fur ferro-mungaiicB'* 
or siitigd-cise]^ W.j. Darby pron-ss, |>. 



204 


MKTALLDRGY. 


the converter, it cannot be supposed that traces of impurities 
are seized by the oxygen out of the large mass of metal and 
oxidised directly, but it is generally admitted that the oxidation 
is an indirect reaction, magnetic oxide being first formed near 
the twyors, and, acting as a carrier of oxygen to the impiv>4!Cre8 
in the bath, is reduced by these impurities to FeO and Fc as it 
passes upwards. 

The need for utilising phosphoric jjig has led to the use of 
a ba.sic instead of an acid lining. Thus, in the Thojnas- 
(Jilchrist ])rocess, the converter.s are lined with dolomite, which 
is cither made into bricks or mixed with tar and Ifamined in 
situ. 8inc,c grey iron generally contains much silicon, it Ls un¬ 
suitable for the basic process. W'liite iron contains only a 
moderate amount of silicon, and is often high in phosphorus, 
which, being a good heat producer, and f)laying a. |)art similar 
to that of silicon in the acid process, is reipdrod in the basic 
process. In, fact, a certain percentage of phosphorus is as e.ssential 
to the basic process as a certain percentage of silicon i.s to the. 
acid process. In practice 2'5 to 3'() ])er cent, of phosphorus is 
found to give the best results. Pig iron (mntaining much less 
pho.sphorus than this does not give satisfaction. 'I’lie charging 
and blowing arc conducted as in the acid procc.ss, save that 
before charging about 10 to 15 per cent, of quicklime, calculated 
on the weight of the charge, is introduced, and the blow is con¬ 
tinued past the point at which the consumption of the carbon 
is complete, this second jrcriod being known as the “ after-blow ” ; 
during this time the phosphorus, which is the last impurity to 
be burnt, is oxidised and combines with the lime to form the 
basic slag, which is used as a fertiliser (see Manures, Vol. II.), 
or for producing phosphoric pig in the blast furnace. J’J'j 
productioir of pig rich in phosphorus is necessary, as iron poor 
in phosphorus, though still containing too much to be dealt with 
by the acid process, cannot be treated in the converter as satis¬ 
factorily as can that rich in this clement. Silicon is,.more. com¬ 
pletely removed than in the acid process, the reverse being the 
case with manganese. Sulphur is removed almost entirely 
during the “ after blow ” in the form of calcium sulphide by the 
action of the fluid calcareous slag, possibly with the assistance 
of manganese, which may also play some part in its elimination. 
The basic slag is poured oft' and spicgel-eisen introduced, followed 
by ferro-manganese, which is aclded to the metal in the ladle. 
The following analyses illustrate the changes which occur in the 
composition of the metal:— 
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'riie cliipf inijn'O^oiniTit.s in tlic Inisic Ikcsscnu'i- pr()c-(‘.ss in recent 
yciirs have been the introduction of procc'sses sucii as tho.se of 
Flohr, and Massenez, involving (he addition of oxides of iron 
in th(5 converter, wide (he object, of incrc'asing (he fluidity of the 
slag and decrea.sing the waste. 'I’he greatest di-awback to the 
use of Cleveland pig iron in the basic converter is iti* high .silicon 
content. When blown directly (his caii.se.s rapid wearing of the 
linings, and ahso forms an acid slag which reacts violently with 
the, basic slag, resulting in cjuantities of slag and iion being blown 
out and consequent fluctuating yields. Moreover, a. large .slag 
volume i.s inevitable becau.se of tlie e.xcc.ssive amount, of lime 
neces,«ary to nculrali'se the Sit)., and l’.,();,, and as a, result the 
slag is low in P,/,)-, and conimancLs a low [nice as a fertiliser. 

,It was even found necessary in the Ch'veland district, to import 
foreign ores to mix with the Cleveland stone to make an iron 
low in sulphur and silicon with high phosphorus. The Massenez 
process is especially adapted for the manufacture of steel from 
high-silicon phosphoric pig iron by tin: basics Bessemer [irocciss. 

S iron'Oxide is first pnt into the converter with or without a 
quantity of lime, and (lie molten Cleveland pig iron (Si 1'5 
to 3'0 per cent., B 1'45 to ('55 per cent.) poured in. The metal 
i.s blown till all the Si is oxidised, and (he converter then turned 
down and as much of tlie slag as possible poured oil. The slag 
contains .Fe .3 per cent., SiO^ 35 to 15 per cent., and no phos¬ 
phorus. Owing to the low temperature during the first blowing 
it affects the basic linings but slightly. 'I'hc slag after the second 
blowing contains Fe 8 to 11 per cent., SiO., 11' to 12 per cent., 
PjOr, ll to 20 per cent. 1'he oxide added is (*omjilctely reduced. 
The working of the process is clean, and the steel produced is 
regular in quality. 

The high temjierature produced by the oxidation of silicon in 
the Bessemer process ijS favourable to the burning out of the 
'carbon, which occurs next, but unfavourable to the combu.stion, 
of the phosjihorus. The Flohr process introduced at Dudiningen 
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consists in adding, at tho end o£ the decarburising period, specially 
prepared briquette.? of mill cinder and lime. A reduction in 
temperature arises partly from the withdrawal of the heat neces¬ 
sary to heat the briquette.? and to dissociate the Ca(Oir).. and 
wjiter re,suiting from it, and partly from the reaction betareen 
the iron phosphide in the bath and the ferrous oxide from the 
briquette.?— 

AKoO 4- 21'’cA’ - I llKc. 

Tho depho.sphorisation is, no doubt, aided by the finely divided 
lime resulting from the disintegration of tho briquettes ready' to 
form calcium phosphate. The advantages claimed for the 
process are a reduction in loss of metal either by oxidation or 
projecition, a saving in lime required, an increase in the phosphorus 
content of the slag, and a greater permanency of tin; converter 
bottoms and linings. 

Although the general tendency has been to increase the capacity 
of the converters and the general adoption of bottom blowing, 
the small converter with side blowing is still used, mainly to pro¬ 
vince very soft, low carbon steel, or more especially steel for the 
manufacture of castings. These processes, such as the (Jlapp 
(Irifliths, llobert, Tropenas, etc., vary more in their mechanical 
details than in any essential differences in the ])roccsscs them¬ 
selves. 

The Siemens-Martin or Open-Hearth Process. —'I'he produc¬ 
tion of refined iron from crude iron can be effected in “ open ” 
hearths heated by regenerative gas furnaces (see Fig. 8, p. 84), 
as well as in converters. There are two forms of this process, 
the Siemens-Martin, in which a mixture of pig iron and scrap 
wrought iron is used, and the Siemens, in which pig iron and 
iron oxide (pure ore) are employed. In the first case the reduc¬ 
tion of the content of pig iron in carbon and other impurities is 
effected (a) by dilution with the less impure scrap,* and (6) by 
the selective oxidation of the fused metal by' the furnace gases. 
In the second, the oxidation of the carbon, etc., of the pig is 
jierformed by the oxygen of the ore as well as by the furnace 
gases. The saucer-shaped hearth of the furnace A, which in 
modern practice often has a capacity of 40 to 50 tons, is made of 
iron plates (kept 6ool by circulation of air beneath them) and is 
packed with highly siliceous sand, or, in the case of the b^sic 
open-hearth process, with dolomite or magnesite burnt and 
ground with tar. When the furnace is white-hot, red-hot pig 
iron is charged, and when this is fused, scrap iron or ore (or 

* Which is useless until it has been remeltcJ and recovered as massive 
metal.' 
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both) is gradually added. The proportion of pig to scrap varies 
according \o the composition of both and of tliat of tlic metal 
to be produced. A usual proportion is about 1 of pig to 3 of 
scrap. After eacdi addition of scrap the (-harge is well stirred, 
aiiiwhen complete admixture, has taken place, sam))lcs are 
withdrawn and tested, and pig or scrap added according to 
requirements. Owing to the. complete control of which gas firing 
allows over the heating of the furnace, the exact adjustment of 
the composition of the, bath of fused metal can be attained by 
repeated tests and adilitions of the c.omponent materials. When 
using,a b»f3ic lining, a phosphoric pig may be work(‘d, and lime 
is added to the Jjath. As in the basic, Bessimier ])rocess, the 
<-omplete removal of carbon is needed to ensure oxidation of the 
phosphorus. Whichever process is worked, the, final adjustment 
of the content of carljon is cft’ec'ted by the addition of ferro-man- 
ganeso as in the, .Bessemer process. 3’o insure solid c.astings in 
basic; open hearth work a higlu'r proportion of silic(*u is required 
than can be obtaiiK'.d in the pig iron fulfilling the re(|uiremont of 
the furnace. Tlie additional silicon is added in the form of 
ferrosilicon or silico-spiegel {(].v.), while, more re,(;ently silicon 
carbide has also been used. Other elements used to jmocure 
solidity arc manganese and aluminium; the, latt(;r has, to a 
considerable extent, replaced ferrosilicon for this purpose. These 
elements (Si, Mn, and Al) seem to act partly by deoxidising 
the iron and c.arbon and partly by increasing the solvent power 
of the solid metal for gase.s, so that a less amount ao.))aratcs out 
)n cooling. Kecently titanium in the form of ferrotitanium has 
)cen used to secure homogeneity in the steel; it j)robably docs 
his by combining with both oxygen and nitrogen luesent in the 
jjjjJjil. The process takes about eight to ten hour.s, and the, lo.ss 
d metal amounts to 5 to 7 per cent. 

In order to ha.sten the op('ration, the jng iron may be charged 
nto the furnace in a molten state. So far as the acid opron- 
rearth proj:;css is concerned, there is probably little advantage in 
ising molten metal, as it is not possible to add oxides of iron 
an the silica hearth of the furnace, to (‘ffc(;t rapid oxidation of 
the impurities, and it has not been gijiiorally adopted. W'hen 
:;old materials are charged, the. large size, of* modern furnaces 
necessitates mechanical charging, and this has been met by the 
‘.Wellman charger” and similar machines, by which the materials 
ire charged about 1 ton at a time from boxes. In basic open 
hearth works the best practice is to take molten metal, previously 
subjected to a prelimjjiar/ refining in a “ mixer,” direct to the 
open-hearth furnace, some of the ore and lime having been pre. 
viously charged into the furnace by a Wellman ^hargW. In 
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this way very rapid oxidation of impurities can be effected by 
oxidising slag, and considerable saving in time in the working 
of the charge is effected. The “ mixers ” used in the Bessemer 
and open-hearth processes are simply large reservoirs of 300 to 
■100 tons capacity, in which metal from a number of blast furjimis 
is stored and poured off by tilting as required. They are usually 
gas-lirod, the air. if not the gas, being rcgencratively heated. 
It is becoming more and more the general practice to use them a.s 
preliminary refining furnaces by the addition of suitable fluxes. 
Many of them are now basic-lined, and, by the formation of 
suitivblo slag.s, not only can the metal be dcsiliconiscd, but largely 
desulphurised. In this connection the Saniter,. process of desul- 
phurisation may be mentioned. It is based on the use of calcium 
(chloride in conjunction with lime, and is sometimes carried out 
by placing in the mixer, before the molten iron is run in, a fusible 
mixture of calcium chloride, lime, fluorspar, and limestone in 
certain proportions. As it melts and rises through the molten 
metal it removes a large part of the sulphur present. Its mode 
of action is obscnire. but it seems ju’obable that an oxychloride of 
lime is formed wdiich enables a slag of great fluidity and basicity 
to be brought into intimate contact with the fluid metal. 

An important feature in the construction of large modern 
furnaces is the insertion of a supplementary chamber between 
the “ ports ” of the fiumace and the regenerators to act as a slag 
and “ dust-catcher.” This obviates the choking of the regener¬ 
ators by the fluxing of the bricks, which might otherwise take 
place on account of the fine dust of iron ore or lime, a considerable 
amount of which is carried over mechanically with the gases in 
all open-hearth practice. Another important detail is the, 
introduction of air-cooled hollow castings into the “ block 
the furnace, which helps to prolong its life. In America the use 
of the Blair water-cooled block has effected considerable economy. 

Three distinct methods of procedure in making open-hearth 
steel may be noted :— 

(1) To work the charge of pig iron until it has reached the 
desired amount ot carburisation, and then tap out. 

(2) To completofj^ decarburisc the charge and add spicgcl- 
, eisen or ferromanganese for recarburising. 

(3) To completely decarburisc the I'harge, and recarburise 
outside the furnace by the Darby or some similar process.' 

The first method is often adopted for .steels containing 0'3 to 
0‘6 per cent, carbon, but for the best qualities the second method 
is preferred. For steels with 0'7 per cent, carbon apd upwards 
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tlie tliird method is largely employed. In the Darby process free 
carbon is* used for reciirburi-siu”'. Special carburi.sinf» vessels 
were formerly employed, but aftei wards found to be unnecessary, 
and now in similar j)rocesses it is customary to throw into tin- 
ladle at intervals a definite quantity of finely divided carbon. 
By fni.s mean.s a, considerable saving of ferromanganese is effected. 
In adding the carbon there is no marked change in the other 
elements, and as the ca,rbon is added to Ihe charge in the ladle 
there is no reduction of phosphorus from the slag. The, Darby 
proce.ss has this advantage over the fen'omangane.sc process of 
I'ccarburisWig in that., a.s there is a tendency for manganese to 
segregate in steely a. more uniform product is probable with the 
former process, especially for the higher carbon steels. 

In order to overcome the dillicidties of tapping large charges 
from the furnaces, “ Tilting Furnaces ” have been recently intro¬ 
duced. Of the.se the Wellman rolling-furnace, is an e.\am|)le, 
in which the furnace is a strong .steel shell lined ^vith silica or 
magne.sitc bricks, resting on a. pair of rardi.s, and rolling on them 
by means of the segments of a large pinion. When pouring off 
slag or steel the furnace is rocked forward by means of two 
hydraulic cylinders mounted on trunnions at their low'er ends, 
and having the upper ends of their piston rods attached to the 
pouring side. * 

Within the last few vears several imjiortant modifi<'a,tionK of 
^tlic basic open-hearth process have, been introduced, two of 
which are of suflicient practical importance to deserve sejiarate 
mention—viz., the Bertrand-Thicl aiul the Talbot continuous 
proce.ss. In the former ]iroc<“.ss as generally pr-i,ctised two ojien- 
hearth furnaces are used, preferably placed a,t different hivehs, 
so that the-metal ca.n easily be transferred from one. to the, other. 
Botli are basic-lined. Either eold pig or molten metal from a 
mixer is charged into the first or " prima.ry ” furnace, a nd largely 
dephos]>horised and partially deca.rburised in the usual way. 
When the carbon is reduced to 1'.5 or 2 per cent., a.nd the phos¬ 
phorus to aliout 0'2 per cent., it is transferred to the fini.shing 
furnace, in which scrap, oxide, and some linn^ have, been previously 
heated, care being taken to keep back an^ phos})horic slag in the 
primary htrnace. A vigorous reaction takes place, the non-metaks 
being rapidly eliminated. By^ this process‘tins time needed 
fo^. working off a charge i.s con.siderably shortened, and the yield 
materially increased, especially when large tilting furnaces and 
molt(!n ifrrn are, used. 

The Talbot process involvs the, u.se of large, basic-lined tilting 
ftirnaccs of the Wellmau type. Molten metal from a mixer is , 
charged and converted into steel in the usual way ; inStead, 

* ■ 'ft 
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however, of pouring the wliole charge, only one-third of the 
contents is teemed, and then a ladle of mixer metifl equal in 
weight to that removed is poured into the bath of finished steel 
remaining in the furnace. Oxides and lime additions arc made 
in the usual way with a Wellman charger, and when the metaLis 
dephosphorised and decarburised to the required extent, another 
third is cast into ingots and more mixer metal charged into the 
furnace. In this way the furnace is worked continuously, being 
never less than two-thirds full of molten steel, and it is only 
<‘mptied at the week-end. The chief advantages claimed for 
the process are a saving in fuel, an increase in output txnd yield, 
and a saving in charges for labour and furnace repairs. 

A process whicdi is still in its experimental stage, but which 
appears to bo very promising, is the Lash process, in which steel 
is produced from the ore. It depends on the fact that when an 
intimate mixture of iron ore (such as magnetic iron sands), 
carbon, fluxgjS, and cast-iron borings (or granulated pig iron) is 
heated reduction readily ta kes place, and by suitably proportioning 
the mixture the desired grade of steel can be produced. Tin; 
“ Lash mi.xturc ” contains approximately 


Granulated pig iron. 

. 23 

Ore, .... 

. (id 

Coke, .... 

. ' ll 

Lime, .... 

(i 


100 


A typical charge for producing 1(K) tons steel ingots in the 
open-hearth furnace is as follows :— 

Lash mixture, ..... 122 tons. 

I’ig iron, . . . . . . 32 ,, 

Ore,.2 „ 

a certain iimount of pig iron or scrap being used in addition 
to the Lash mixture. 

The process is also being adapted to the electric'furuace, in 
which case it is not necessary to use pig iron in addition to the 
mixture. For produciiyr 100 tons steel the charge used is— 

• 

Lash mixliirc, . . . . .172 tons. 

Ore.2 „ 

A combination of the Bessemer and open-hearth proces'ses 
hits lately been practised under the name of the “ Duplex process.” 
According to this method it is customary to blow the Bessemer 
.heats until the carbon is reduced to aljbut 1 or 1‘5 per cent.9 
the silicon and manganese, of course, having been previously 
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eliminated, and then to work off the remainder of the earhon 
together with the phosphorus and as mueli sulphur as lai.ssihle 
in the open hearth. 

Soft metal (ingot iron, “ mild steel ”) is largely made by 
the Siemens process, and used for boiler and ship plates, bridge 
worC^ete., while a harder grade, which may be reckoned as a true 
steel, is made for railway carriage wheel tyres. 'J’lie following 
analyses show two grade.s commonlv made :— 


! 

• 

Iron. 

Tyre Steel. 

! 

Per cent. 


Carbon, . • . 

017 


Silicon, ..... 

0 02 

0-2.T 

Manganese, .... 

004 

004 

l*hosphoni8, .... 

0 0(> 

0 03 

Sulphur, ..... 

001 

oo:i 


PRODUCTION OF CEMENTATION STEEL.— For the produc¬ 
tion of the best classes of steel—c.i/., tool steel—none of tlie fore¬ 
going proe.esses for making ingot iron or steel of moderate hardness 
is well adapted, on account of the impurities^—c.g., B and 1’—■ 
which the metal retaivfe. Steel which is to be hardened for caitting 
j)urpose.s contains from 0'8 to 1'.5 per cent, of C, and must be as 
^nearly as possible free from other foreign constituents. In conse- 
(juence, the very purest puddled bar is taken as the raw material 
and (atrburised, and thus converted into steel, by the cementation 
process. The bars of iron, which are about 3 inches wide and 
J inch thick, and 8 to 10 feet long, are packed in firebi-ick bo.xcs, 
set over a long grate, in furnaces commonly heated by solid fuel. 
The 8ars are packed in these chests in alternate layers with 
charcoal which has passed through a to |-inch mesh sieve. 
Each chest is about 3 feet in depth, and takes a charge of 7 to 
8 tons of iron. A thick layer of charcoal is placed on the top 
and covereJ with grinders’ waste (siliceous and steely particles). 
T'he temperature of the furnace is kept at a bright red heat for 
seven to ten days, according to the content cf carbon required in 
the finished steel, trial bars being withdrawn frijm time to time, 
and their quality judged by their fracture, %hich has become 
crystalline and lighter in colour than that of the wrought iron 
usecl as a raw material. When pure iron is heated with carbon, 
the latteJ is gradually absorbed and penetrates the mass of iron, 
converting it into steel. The maximum amount that can be 
ifbsorbed is 5 per cent. *,The mechanism of the change is not yet 
understood. According to one view the carbon passes through 

• * A 
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the iron in the form of easeous eompoiinda wliieh ace dei omposed. 
giviii}' up their carbon to tlie iron ; jmssibly the fiast'ous com¬ 
pounds are ilecomposed at the surface and the comhined carlion 
transmitted layer by layer. Whether the, carbon ditlu.ses as siicl] 
in the same manner as a solid p'adually dilfuses in a soKamt. 
or whether as carbides of iron, is still a matter which is ifnder 
discussion. 

When the bars are. withdrawn they are found to be covered 
with blisters, which are due to the production of CO by tlic 
action of the carbon on enclosed particles of slag. 'I’lie “ blister 
steel ” is irregular in te.xturi-, the content of carbon (h'creasing 
from the outside, to the. inside of tlu^ bars. It may be reiu'lered 
homogeneous in one of two ways. 'I’lnis, tlu' bars may l)e made 
into a bundle and welded, the product being known as "shear 
steel,” and if then cut up and again welded, as “ double-shear ’ 
steel. The second and better way to obtain a uniform product 
is by actual,fusion in crucdbles. Steel crucibles are made of 
I’efraetory fireclay and plumbago, and liohl from tiO to ‘.)t> lbs. 
The old coke-hole, practically the same as 100 years ago, is still 
largely used for heating the crucibles. This is merely a rectan¬ 
gular cavity 18 to21 inchessipianiand3 to 1 feetdeep. Anumber 
of such furnaces are arranged side by side. Comparati\ely 
recently gas-lired furnaces on the regenei'ative principle h.avc 
been introduced, w Idle the Nobel liipud fuel furnace is an arMiige- 
inent for heating a. number of crucibles with ri'tiued petroleum. 
■Electric furnaces are also being t‘mploy(!d for this purpose on ' 
the Continent, and in the future doubtle.ss electric furna<-es will 
be largely adopted for the manufacture of what is now known 
as “crucible steel,” especially for dealing with comparatively 
large charges. Crucible steel is not otdy made from blister ste<‘l. 
but also from nd.xtures of the, best Swedish iron recarburised in 
the pots by means of charcoal. Cheaper qualities are made in 
large (piantities from .selected steel scrap by melting this with 
.Swedi.sh pig iron or other recarburising mat('rial. The method 
of making cast steel by melting malleable, scrap iron' with char¬ 
coal and oxide of manganese introduced by .Mushet in 18t»l is 
still larg(dy practised. ^Whatever the; materials used, the molten 
steel is kept in the fire suflicieutly long to eliminate gases and 
prevent blowholes'.' This is termed '* killing.” 'I’he use of 
aluminium i.s now becondng general in crucible steel manufacture 
as a substitute for “ killing,” it being found that the a(lditiou''bf 
very small quantities of this metal (()'02 to 0’03 per cent.) shortly 
before teeming has the same effect in producing sound castings. 
•The metal is cast into ingots, and is kpown as “ crucible cash 
steel,”’ which needs reheating and hammering before it is lit for 



use ill tooj-making. Tlie following analysi.s shows the composi¬ 
tion of a good tool .steel:— 


(Jarbon, 
.Silicon, 
Manganese, 
.Sulphni', . 
L'hoHiihorus, 


114 

0-17 

O'lO 

N’il. 

Nil. 


MALLEABLE CAST IRON. —The process of removing carbon 
from cast iron at a temperature below its melting point, by 
heatilig if with a solid oxidant, may be regarded as comple¬ 
mentary to tha1» of imparting carbon to wrought iron in the 
manufacture of steel bv the cementation process (c..s-.). The 
jirocess of jireparing malleable cast iron was formerly thought to 
be an example of this reaction. In this process castings of white 
iron containing but tittle .silicon and mangane.se are packed in 
firebrick boxes or in cast-iron cruciVdes in powder'd hiematite, 
gradually raised to a red heat, kept at that temperature for about 
three days, and allowed slowly to cool. The metal is malleable 
so that it can be forged hot. 

The rationale of the process is somewhat obscure, but it. appear.s 
that the carbon is eliminated by oxidation while still in com¬ 
bination with the iron, by direct reaction with the oxidising 
medium. At a moderately high temperature (above the recal- 
•esccnce point Ar,, see p. 215) iron carbide begins to decompose, 
a,nd the released carbon is dissolved in the iron until an equili¬ 
brium stage is reached, at w-hich the pressure of the dissolved 
carbon prevents the further dissociation of the carbide. 'ITie 
carbon now' in solution diffuses outwardly to the surface to 
repl.Ke thie carbon already eliminated. In this wav an external 
layer of dccarburised iron is formed, which may attain consider¬ 
able thickness. Malleable castings can also be made from 
white iron by heating in a no)i-oxidising mixture, in wdiich (gise 
the combined carbon is largely converted into the graphitic state 
without appreciable loss. The process is said to be more rapid 
and better suited for larger articles, and is the one chiefly followed 
in the United States. Such malleable* cast iron is known as 
“ blackheart,'’ from the bla.ck, velvety appea%ince. of its fracture. 
It appears that as the temperature rises the solvent power of 
iWn for carbon increases until at 1,030° C. it can di.ssolve I'5 per 
cent. At this critical temperature, however, the whole of the 
residual carbide decomposes in spite of the carbon pressure 
,;wound. 'I’he iron caimot, however, dissolve more than 1'5 per 
cent, at this point. an<l*f li<‘ remainder of tin; carbon is. tlnircfore* 
deposited ai-kgra.j)hite as fast as it is sejMrated. 
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CASE-HARDENING. —Anotlior instiiiuc of tlic tfnnsffrpnco 
of c.aTbou to iron from witliout. iii tho niimiu'v ocoirriiijr in tlio 
oemontiifion pwrss, is iifforded l)y tlu; operation known as 
easc-hurdeninfr. This is best (airriecl out by heatin<£ tlie iron to 
be ease-liard(nicd in a bed of eliarred oraanie niatt('r—su^ ns 
is nitrogenous— (’.(j.. leather, boiu' dust, etc., b(‘in<r usually 
adopted. By this nuains a layer of steel, whhdi may be as 
mueh as inch in thiekne.ss. is formed on the outside of the 
artieh^ treated. A slieht(‘r steel lilm may be obtaimai by 
sprinkling the red-hot metal with powdered potas.sjuni ferro- 
cyanide. Armour plates for battle shii)s are externally hartleiual 
in this way. ‘ 

Harvey’s process eon.sists in carburising one side of a mild 
steel plate by cementation, the carburised face being afterwards 
hardened by sudden chilling from a red heat. Another important 
process for armour plates is that of Krupp, of Essen, who car¬ 
burises bv means of gaseous hydrocarbons, and then hardens. 
Two plates are placed on a hearth, one above the other, with a 
space between, and with their faces inwards, so that the car¬ 
burising gases may pass between them. A process for making 
compound armour plate, and avoiding the tedious process of 
cementation, is that of Beardmorc, of Gksgow, who produces 
ingots composed of layers of hard and soft steel perfectly united. 
A layer of steel is run into a horizontal mould, the bottom of 
which is kept cool, which causes the bottom layer of steel to set* 
quickly ; while the upper layer is still liquid, a charge of milder 
steel is poured in, and unites with it, and so on with a third 
layer of still softer metal. The ingots are. pressed and rolled 
into plates. By this means a much greater depth of hard steel 
can be obtained in a comparatively short time than is p(?Ssible 
by a cementation process such as Harvey’s or Krupp’s. 

As regards the material now used for armour plates, it is gene¬ 
rally a .special steel with varying percentages of such metals 
as nickel, chromium, manganese, vanadium, and tungsten. 

EFFECT OF FOREIGN ELEMENTS UPON IRON AND 
STEEL. —The purest iron attainable is that prepared by electro¬ 
lysis. The best, conditions for obtaining it are said to be as 
follows :—The bath consists of a solution of 200 grammes of ferrous 
chloride (or ferrous ammonium sulphate), 50 grammes magnesium 
sulphate, and 5 grammes sodium bicarbonate per litre; this 
solution is electrolysed with a current density of O'OOS ampere 
per square cm. at the cathode, which consists of copper thinly 
. silvered and iodised and maintained in fotation. The anode qj 
of wrought iron. More sodium bicarbonate is added as electro- 
lysii? proceeds. The iron deposited improves in quality as the 
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process proceeds, and finally reaiihes a strength of over 30 tons 
per square inch. Owing to the low current density, the iron is 
free from hydrogen, which is always present when high current 
density is used. The amount of hydrogen thus combined may 
anv^nt to 240 to 250 times the volume of the iron, corresponding 
with the formula Fe|.|H,. This form of iron containing hydrogen 
is hard and brittle, whence its application in facing copper plates 
used for electrotype printing processes ; the method of depositing 
steel-like iron for this purpo.se is known as acierli/pe. The 
Langbein-Pfanhauser-Werke Aktiengcsellsc.haft of Leipzig is 
now.prodhcing on a commercial scale plates and other articles 
of iron of at lei^t 1)9'95 per cent, purity. The process is due 
to F. Fischer, and the iron is obtained elcctrolyti('iilly in a single 
operation from the electrolytic bath, using merchant iron as the 
anode. As would be expected, such pure iron possesses extra¬ 
ordinary softness and ductility, its hardness, as determined by 
Brinell’s method being 92 before and 62 after anupaling (on the, 
same scale annealed copper = 95 and aluminium = 52). Pure 
ron has a specific gravity of 7'86, but this depends somewhat 
in the mechanical treatment to which it has been subjected, 
.'or when stressed its specific gravity is lowered. The maximum 
.^alue may be takcn,as about 8’0. 

According to Carpenter and Keeling, pure iron (containing 
)‘01 per cont. carbon) melts at 1,505" C. When allowed to cool 
Tom this temperature, the regularity of cooling is interrupted 
it three different temperatures, an evolution of heat taking 
ilace which prolongs the period required for the metal to cool 
through a given range of temperature. The tcmpcrature,s at 
vhich retardation during cooling {rejroidissemmi) takes place arc 
nd'tated'by the symbols (introduced by Osmond) Ar,, Ar.,, Ar.,. 
Three similar arrests are noted in the rate of heating as the 
;emperature is raised from that of the atmosphere to the melting 
loint of iron, the points observed during heating (chanfjant) 
leing denpted by Ac,, Ac.^, Ac,. The points recorded with a 
ailing temperature are about 30“ C. lower than the corresponding 
loints recorded with a rising temperature. The symbols Ar, 
ind AC], therefore, refer to the same plvysical change, any differ- 
mce being merely duo to the direction froi^^ which we approach 
he transition point. The three points are approximately 870“ C. 
■1,598“ F.), 760“ C. (1,400° F.), and 680“ C. (1,266° F.). These ' 
•hangqp are not equally w'ell marked in all varieties of iron and 
iteel, the nature and proportion of other elements present in- 
luencing both the niimber and position of the points of arrest. 
With the purest iron* obtainable, the lowest point is scarcely' 
jerccptible, while the highest point isjnost distinct.^ On adding 
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more and more, carbon the highest point is caused to steadily, 
until with high carbon steels only one point is noted; this is 
extremely well marked (671° C.), so much so as to cause the 
steel, after it has cooled to a dull red. heat suddenly to glow 
again and increase in length. This phenomenon is kno^n as 
reoalescence.* 

As an explanation of the above facts, Osmond has advanced 
an allotropic theory, according to which iron is capable of existing 
in three modifications, known respectively as a, ,8, and y-iron. 
The last form is stable above 870° C. (A,,), and is usually formed 
on the solidification of the fused metal. Between J(t.2 and AU; 
the 8 form is the most stable, while the a modification is pro¬ 
duced if the iron is slowly cooled below Atj, and is the form 
which is capable of assuming magnetic properties. 

Iron is peculiarly sensitive to the influence of impurities, 
which may also affect the influence of each other. The impuri¬ 
ties most commonly present in cast iron, wrought iron, ingot 
iron, and steel are C, Si, S, Mu, and P. As will be seen by 
reference to the analyses of various grades of iron already quoted, 
cast iron contains each of these elements in the largest propor¬ 
tion, including those which have a deteriorating effect. It is on 
account .of this that cast iron is a comparatively weak and brittle 
material. The weakness is largely due, in grey and mottled cast 
iron, to scales of graphite disseminated through the- metal, thus 
destroying its perfect continuity. When, from the absence of« 
silicon (v.s.), white cast iron is produced, it is still of low strength 
from the effect of the sulphur and phosphorus which it contains, 
although their action cannot be definitely attributed to the same 
cause, but rather to a more subtle influence indicated below. 
In the best wrought iron, ingot iron and steel, the quantities 
of S and P are reduced to a minimum, for when present in appre¬ 
ciable amount—as in the case of puddled iron—they only exist 
as constituents of interstitial slag. 

In considering the effect of impurities on steel, the unequal 
distribution of such impurities is of the greatest importance. 
This unevenness is due to the tendency of certain constituents 
to segregate, especially-when the steel is slowly cooled. Howe 
divides bodies v^h}(»h tend to segregate into three groups—(a) 
compounds which differ from the rest in fusibility, {h) compounds 

• which have a strong affinity for each other, (c) compounds whk-h 
differ greatly in density from the rest of the mass. For instance, 
carbon and phosphorus have a greater affinity for iron than 
manganese, and the carbides, phosphidesi, and sulphides of iroi\ 

• * A fpurth reoalesoencB in steel containing 0'2 per cent, carbon ha.s been 

observed recently by Arnold,! Axsoc., Sept. 1910). , 
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are comparatively fusible and of low density. Accordinf!; to 
Harbord, sulphur and phosphorus are the elements most une(]ually 
distributed, but carbon also segregates very readily. It is 
generally found that segregation of one impurity induces segre- 
gati^i of the rest. Wliile chrome and tungsten steels are very 
liable to segregation, nickel steels are remarkable for their 
uniformity. 

Carbon is by far the most importiiiit of the foreign elements 
present in commercial iron. The graphite which occurs in grey 
<'ast iron is rarely found in wrought iron, ingot iron, or steel. 
Accofdinj^ to Ledebur, carbon, in a state, similar to but not 
identical with g#aphite, may be formed by prolonged heating 
of iron containing the forms of carbon ne.xt to be mentioned. 
'I'he existence of this form of carbon (called “ temper carbon ”) 
is, however, not generally accepted. On the relations of these 
two remaining forms of carbon ('* hardening carbon ” and 
“ cement carbon ”) the explanation of the phenomena of liard- 
ening, tempering, and annealing largely depends. It is this 
capability of being hardened, tempered, and annealed which 
constitutes the essential difference between steel and wrought or 
ingot iron, and it first becomes evident when the proportion 
of carbon exceeds O-^.o per cent. It must be understood that 
this statement applies to iron containing carbon and no other 
impurity, as other eleinent.s—c.f/., phosphorus or sulphur— 

• may exhibit analogous j)roperties with a lower percentage of 
carbon. The hardening effect of these cannot be substituted 
for that of carbon, as the former gives “ cold-short ” iron— 
i.e., a metal which is brittle (especially to .shock)—and the latter 
“ red-short ” iron—viz., one wliich is brittle at a red heat and 
< anngt be'worked. 

In the following description of the process of hardening, true 
steel, consisting of iron with more than ()'2.") per cent, of (’ and 
a minimum ((uantity of other elements, will be spoken of. On 
heating st(^l above the critical point Ar.i (about 870^ C.), and 
cooling it suddenly—by plunging it into water—it will be 
rendered hard,' whereas if allowed to cool slowly from this tem¬ 
perature it is comparatively soft. Such*process of hardening is 
always adopted (or steel tools— ix., those, caijahi* of taking and 
retaining a cutting edge. It is obvious that as the steel after 
hardening cannot be worked except by grinding, the tool must 
have re<;eived its shape before hardening, so that nothing remains 
but to grind it to an edge. But few tools can be used in as hard 
and brittle a conditioii as that Gbtaincd by direct <juenching 
from a red heat in cold*water. The excessive hardness nuist be* 
removed hy ieniyerhuj in order that the»edge of the tejol may not 
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be easily chipped but may possess a ceTtaiii elasticity,or springi¬ 
ness. The process consists in gradually reheating the hardened 
steel to a temperature, considerably short of redness, proper to 
the particular class of tool to be prepared, and quenching in 
water when this is reached. These temperatures are ind^ated 
by various colorations of the bright steel surface, and may be 
stated as follows ;— 


Coloration. 

'romiierattii'c. • 

Claswi of Tool. 




• ^ 

Faint yellow. 

22tl ’ C. 

428 1-'. 

Sur^rical inHti ument.s. 

Straw yellow. 

230'^ C. 

- 44li' !■•. 

Uazors. 

Full yellow. 

243° (;. 

-- 41)9^ 1-'. 

Poriknivea. 

Brownish-yellow. 

25.3" C. 

- 491 1-'. 

(.’hisels and shears. 

Brown, 

2li5 ’ C. 

: 509’ 1-’. 

2 \xes and plane irons. 

I'urple, 

277° C. 

531' !•'. 

7’able knives. 

Bright iduey 

288" C. 


Swords and springs. 

Blackish bliu'. . 

3 Hi" C. 

001° 1-'. 

Hand saws. 

Black, 

4IW" f’. 

-. 752' !•'. 

Spiral spring.s. 


It is found that unless steel be heated above the critical tem¬ 
perature Ar., it cannot be hardened by quanching, nor is it hard¬ 
ened if it be cooled slowly from this temperature (“ annealed ”). 
It is obvious that inasmuch as there can be various grades of 
rapidity of quenching (c.f/., by the use of mercury, cold water* 
hot water, and hot oil) the hardening of steel may be more or less 
perfect, and it is possible, by limiting the hardening in this way, 
to attain a given degree of hardness or “ temper ” by a single 
operation. 

When hardened steel is dissolved in dilute hydrochlwic or 
sulphuric acid, nearly the whole of its carbon is evolved as 
hydrocarbons. When fully annealed, the carbon is left, on 
dissolution of the steel in the same a(uds, in a form apparently 
combined with iron as a carbide, corresponding with the formula 
Ee;|C. Hardened steel that has been “ tempered ” or “ let 
down,” or steel that has been imperfectly hardened contains 
carbon in both forms.* The distinction, already mentioned, has 
thus arisen betwcr'.l hardening carbon and cement carbon. The 
former appears to form .with the steel a solidified solution, while 
the latter is diffused through the metal as grey -scales, lS6th 
conditions being recognisable in the fracture of the metal. 

The mixture of Fe,C (cementite) and pure iron (ferrite) is 

* These figures are only of limited sigiiifieatifo, because- it lias been fouttrl 
tliat prolonged e.-eposure lo a lower temperature will produce the saint- 
colour as will a short e-xposifte to a higher temperature. • 
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known as«“ pcarlite,” and b}' means of the microscope is seen 
to occur in two forms—the lamellar and the granular. The 
former, made up of very thin plates, is found in annealed steel, 
while the granular variety is found in steels which have been 
rehe'^ed to a low temperature. Pearlite appears to be practically 
the sole constituent of unhardened steel containing from 0'8 to 
0‘9 per cent, of carbon. The characteristic constituent of steels 
• quenched from a high temperature is “ Martensite,” a solid 
solution of (rarboii in iron, which appears under the microscope 
like a system of interlacing fibres. 

Fr8m tffe con.sideration of the above it will be seen that the 
constitution of s^toel may be viewed from two distinct stand¬ 
points, one of which is concerned with the molecular changes 
occurring in the iron itself, while the other has for its object 
the study of the relations of iron to carbon and the other elements. 
These two views are known as the “ allotropic ” and “ carbon ” 
theories respectively. • The former, involving the acceptance of 
three allotropic modifications of iron, has been briefly outlined 
above (p. 216). According to this theory, the evolution of heat 
at the critical points Ar^ and Ar^ is caused by the passage of iron 
from the y to Ji and from the 13 to « states respectively, any (!ar- 
bon present being diSused in the different modifications of iron. 
The evolution of heat at Ar, is caused by the combination of 
carbon with a-iron to form Fe.,C as “ cement carbon.” In the 
•passage of iron from the /3 to a state at the point Ar.j the steel 
becomes magnetic. The cause of hardening is said to be the 
retention by sudden cooling of the hard y and f3 forms of iron, 
which retention is aided by the presence of carbon. 

The “ carbon ” theory, on the other hand, endeavours to explain 
the afcove phenomena by changes in the condition of the carbon 
alone. Above the critical point Ar, steel is supposed to consist 
of iron and hardening carbon (possibly as a solid solution). The 
evolution of heat at the point Ar, is then caused by the passage 
of hardening carbon to the cement state, steel below this point 
consisting of iron and cement caibon combined as Fe,('. The 
phenomenon of hardening is ascribed to tlie retention by sudden 
cooling of the carbon in its hardening Ffl^ate. ^Tlie older carbon 
theory has no explanation to offer with r^^ird to the critic.al 
points Ar,> and Ar... Prof. Arnold has, however, since developed 
a*" sub-carbide” tlieory, which offers a fuller explanation of these 
facts. According to this theory the critical point Ar, marks the 
formation of an intensely hard sub-carbide of iron Fe,.,!', which 
remains unaltered if the metal fie suddenly cooled, and the 
retention of which is tlfe cause of hardening. At flic point Ar., 
the evolution of heat is supposed to be due to the passage of iron 
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from a plastic to a crystalline condition, while at the sub¬ 
carbide Fe^^C dissociates with formation of Fe^C. It will be 
noticed that in both the allotropic and carbon theories the lowest 
critical point Ai’i is regarded as due to the formation of FejC. 

Both schools of metallurgists agree in regarding carbon^s an 
essential constituent of steel, the properties of which are deter¬ 
mined by the amount and condition of this element; the “ allo- 
tropists,” however, further contend that the condition of this - 
carbon is itself fixed by the allotropic condition of the iron with 
which it occurs. 

The allotropic theory has recently been extended b'y including 
in it what is known as the “ solution theory,” which affirms that 
carburised iron when fluid is a solution of carbon in iron, and that 
under certain conditions the solidified mass also forms a solid 
solution. 'I'hese solutions obey the ordinary laws of solution, 
which can be used, therefore, to explain both the mode of solidi¬ 
fication and' the molecular changes that take place after .solidi¬ 
fication. The full development of the theory is too abstruse a 
subject to be dealt with in these pages. 

The following are the most important constituents of steel, 
which have been recognised chiefly by means of the, micro.scope ;— 

Ferrite, or j)ure iron, occurs in trimorphic crystals with poly¬ 
gonal or rounded boundary lines produced by the interference 
of cubes or octahedra forming from a series of centres. 

Pearlite is a definite mixture of metallic iron and iron carbide 
Fe.|C (cemeutite) forming the eutectoid. It contains ()'89 per 
cent.'of carbon or 13 per cent, of Te.^C, the carbon being inole- 
cularly associated with only about 12 per cent, of the iron, 87 per 
cent, of the latter being in the free state. 

Hardenite. —According to Arnold, this also contains 0'S9 per 
cent, of carbon, but in this case it is associated with !)9 jier cent, 
of the iron. It is found in quenched steels. 

Austenite is a solid solution of carbon in y-iron, and is produced 
by quenching steels above the Ar;|-.j-i changes. 

Martensite is a solid solution of carbon in ,'3-iron, and is ])ro- 
duced by que)U'hing steels just below the Ar., change. 

Troostite is considered to be a solid solution of carbon in «-iron. 
and produced by clenching steels just below the Ar.j change. 

Sorbite is an emulsified form of pearlite, in which the cementite 
(Fe.jC) has not had time to segregate. It is formed by rapidfy 
cooling steel immediately below the Ar, change. a 

Sulphide of iron is described by Arnold as o(x'urring in masses 
or as a mesh work in maugahese-free steel. 

‘ Sulphide of manganese is frequently prbsent in steels as globules 
or cigar-shjiped masses of a dull grey colour. 
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Phosphide of iron was observed by Stead in 19()(), and with 
free iron forms an eutectic similar to pearlitc. 

Silicate of manganese is often present in steels, .sometimes visible 
to the naked eye, and at other times only under the microscope. 

Oxide of iron is often present in commercial steels. 

It ^as been already mentioned that elements other than 
carbon influence both the number and position of the critical 
points of iron, and they will also influence the corresponding 
changes in the allotrojiic forms of the iron. Thus, iron contain¬ 
ing small pro])ortions of manganese shows a retardation at a 
point.ratliM below the point of arrest for carbon steel and 
w'hen the (juantjfy is increased to 7 per cent, a material 
(manganese steel) is obtained in which the iron appears^ 
to exist in the 7 condition and to be conse(piently hard. Man¬ 
ganese steel, which is the name applied to alloy.s of iron and 
manganese containing 7 to I I p(>r cent, Mn, is extremely tough 
and hard, on which account it has found but few *ipplications, 
as it cannot be worked in tlni same way as hard carbon steel by 
annealing, machining, and re-hardening. Mangane.se steel contain¬ 
ing 12 to 11 per cent. Mn possesses, however, the peculiar advan¬ 
tage of being softened and toughened by the following treatment:— 
When heated to 990" 1,090 ' C., and plunged into cold water, it 

becomes sufficiently soft to be machined. Hardness may then be 
restored by reheating to a bright red and cooling in air. .Man¬ 
ganese steel is non-magnetic, has a high (‘lectrical resistance, and 
a low coeflicient of expan.sion : it has a high tensile strength and 
elongation, is .self-hardening, and is largely used for making .»uch 
things as jaws of rock breakers, dredger buckets, and switches 
and cros-sings, where both hardness and toughness are nece.ssary. 

Tlu^influence of nickel is somewhat similar to that of rnan- 
ganest^ on steel, in thaf small proportions, up to 5 per cent., 
increase the hardness and toughness of the product, and larger 
proportions, 21 per cent, and over, form with the iron an alloy of 
charact(!risti(' pro|)erties. Thus, nickel stisel with 21 per cent, of 
nickel is nou-magn<'tic at the ordinary temjierature, and is, there¬ 
fore, considered to contain iron in the y or /f state, and has a 
low coeflicient of (Lxpaiision and low eleclrical conductivity, but 
becomes magnetic on ('ooling strongly in a of solid CO.j 

and ether (— 79“" C. = — 110" F.). See akso under Xickel, p. 27. 

A brief account of other special steels has been given in . 
Chapter I. (p. 21). With regard to chromium steel, it may be 
remarked that in small (juantities this clement slightly raises the 
tensile strength of stee^ and in large quantities the brittleness, 
both effects being modi/ied by the amount of carbon present. • 
Steel for projictiles usually contains 2 to^ per cent. C\ and 1 per 
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cent, carbon. Steel containing both nickel (2 per cent.) and 
chromium (1 per cent.) with about 0'4 per cent, carbon is also 
used for armour-piercing shells. The nickel toughens while the 
chromium and carbon harden the steel. 

Tungsten and molybdenum steels are used for self-hardening 
cutting tools and for magnets. These elements prevent the asften- 
ing effect of the increase of temperature of the tool. The wearing 
properties of ordinary tool steel are improved by the addition of 
a small percentage of tungsten, ^yhile a first-class tool steel may 
' contain 7 per cent, tungsten and 1 per cent, carbon. Mushet steel 
contains 6 to 8 per cent, tungsten and about 2 per cejit. c%rbon. 

Special alloy steels, known as air-hardening steels and high¬ 
speed tool steels, which arc revolutionising our machine shops, 
contain alloys of tungsten-chromium, or chromium molybdenum, 
and are largely made in the crucible by melting suitable mixtures. 
The resistance of these steels increases with rise of temperature. 
They contai;j from 0’75 to 3 per cent. Or, 4 to 8 per cent. W, 
and 4 per cent. Mo, the latter being used for working hard steel. 
The carbon is usually less than 1 per cent. 

Vanadium exerts a more powerful influence on steel than any 
of the above metals. Its effect is similar to that of nickel in 
increasing the tensile strength and elastic limit, but is much more 
efficient, 0'2 per cent, producing the same effect as 3 to 4 per cent. 
Ni. It is supposed that vanadium prevents segregation, and 
promotes the uniform distribution of carbon by forming a double 
carbide of iron and vanadium, and in this way removes a cause 
of brittleness due to vibration. Much of the success of the motor 
industry is due to the use of these special alloy steels for parts 
subject to vibratory and alternating stresses. The addition of 
aluminium to steel to produce soundness in the ingots has already 
been noticed (pp. 21, 207). *' 

Attention has recently been drawn to the influence of titanium 
on steel, more especially on steel rails. The addition in the 
ladle, after ferromanganese or ferrosilicon, of 0'5 to 10 per cent, 
ferrotitanium (containing 10 to 15 per cent. Ti) is said greatly 
to improve the quality of the steel. It probably does this by 
combining with the last traces of oxygen and also with any 
nitrogen in the et^), thus making it more homogeneous. The 
tensile strength ofauch a steel is stated to be from fiO to 75 per 
cent, higher than that of ordinary Bessemer steel (see p. 207).,,, 
The ferro-alloys used for introducing these foreign elements are 
produced in the blast furnace by the reduction of oreSi rich in 
these elements (p. 191). Th^ electric furnace is used also now 
^ for this purpose. „ 

The grades of ordinary carbon steel most generally used, range 
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form 0'2 per ceht. C (practically an ingot iron) to 1'5 per cent. 0 
(a'razor ste^l). Thus, boiler plates, ship plates, and bridge mem¬ 
bers will contain 0‘2 per cent.; rails, 0'33 to 0‘45 per cent.; tyres 
and guns, about O'o per cent. ; armour plates, 0‘7 to 0’8 per cent.; 
projectiles, 0-8 to 1 '0 per cent.; tool steel, 1 to 1’2 per cent.; razor 
steel, %'5 per cent.; and draw-plate steel, 2 to 3 per cent. C. The 
simultaneous presence of ()'5 per cent. Mn may be taken as raising 
the grade of steel equivalently to an additional O'l per cent. C. 

* .\part from the effect on steel of the condition of the iron and 
of the carbon, is the influence of the actual crystalline structure 
of th^ met*l. Other things being equal, a steel with a coarse 
crystalline structijfe is weaker than a steel with a fine structure. 
Overheating steel, or heating it considerably above its critical 
point, causes it to assume a coarse structure whatever the rate 
of cooling. This crystalline structure can be broken down by 
forging the hot steel, a plan adopted for heavy guns. 

The mechanical effect of hardening steel is show^i (1) by its 
change in specific gravity— e.g., 7'9 before hardening, and 7‘(i 
afterwards—the dilatation being about 5 per cent.; (2) by its 
increase in tensile strength— e.g., for a steel containing ()'8 per 
cent. C, 64 tons per square inch when hardened, in place of 44 
tons when unhardened; (3) decrease of ductility—for the same 
steel, an extension of § per cent, of its length when unhardened, 
and 1 per cent, when hardened. The same effect on tensile strength 
^and ductility that is produced by hardening (quenching) can be 
obtained by subjecting the metal to severe mechanical stress, such 
as occurs in wire drawing. Steel wire, although not hardened by 
<|uenching, may have a tensile strength exceeding that of steel of 
the same grade that has been purposely hardened. This hardness, 
like that due to quenching, is removed by annealing. 

The*influence of impurities on steel has been referred to the 
relation between the atomic volume of iron and that of its asso¬ 
ciated elements. The following table shows that the ordinary 
impurities may be divided into two groups, according as their 
atomic volume is below or above that of iron (7‘2):— 
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The elem(Mit.s in the first series are believed to favour the ret leii- 
tioii of iron in the 3 state, and tend to the production of a liisird 
metal; those in the second series are supposed to hinder ; the 
formation of 3 iron, and yield a softer, more ductile mate.'rial. 
This view is not strictly in a(a ord with tin; known influcn<):e of 
several of the elements in .series [1., notably S and ? (r.x.Jfir' 

\ 

ELECTROMETALLURGY OF IRON AND STEEL. > 

Electric enerfiy has many advantages for tin? supply of .heat 
in such metallurgical operations as are carried out on <1 mo^.ierate 
scale, the more obvious of them being its rei}din(!.s.s of trlansit. 
control, application, the ab.sence of ash, dust, and smoke, a jid the 
wide range of temperature which is possibh'. The early pr xrgress 
in the electrometallurgical production of iron and ste el was 
slow, probablv because the efforts of the pioneers were d'drectcd 
iimis’s. In tlie first place, it is well to distinguish clearly btHween 
(1) electru' reduction of iron ores, and (2) electric refiniiag, or 
production of steel and feri o-idloys. The ambition of the piianeers 
was to smelt iron ekudrically from its ores. 'I’his ciiii at id has 
been accomplished, but it is' usually more costly than thVi pro¬ 
duction of steel and allovs of iron by eletdrical means, usifng as 
raw material the ordinary products of the Vilast furnace, inasnnuch 
as electrical enorgv is commonly dearer than energy obta.incd 
direct from fuel. ' Electric processes must, necessarily be t;on- 
.sidered in competition with existing methods. 4’he blast furi iace 
effects the recpiircd reduction of the ore in a simple minober. 
Moreover, especially with the modern tendency to utiliseanhe 
waste gases, it is a fairly eflicient thermal device, and as it mses 
fuel direct instead of in a round-about electrical manner, i't is 
dillicult to displace except in those places where fuel is extra- 
vai'antly dear, wheretis in the conversion of chea]) pig iron iiiUo 
hifdi-priced steel or s])ccial iron alloys th(‘ cost of energy ncccssairy 
for the process is not so large a part of the total cost as to makie 
electrical methods impracticable. 

The conditions in this country are such that the electric furiiact* 
cannot compete with tji(? blast furnace*, and t.ln' direct smelting ^ 
of iron ore is of'le^' practical importance than in countries like 
Sweden and Canada, which possess large ore deposits, cheap 
water power, and in w'hich fuel is comparative!} dear. ,, 

Electric Smelting of Iron Ores.— The simplest form of furnace 
for this purpose is vat-shaped with a carbon block built into the 
sole Of the furnace, and an adjustable vertical electrode suspended 
• above the top of the furnace by suitabje gear. The ore mixed 
with the necessary amount of reducing agent and suitable fluxes 
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is fed into the furnace at the top, and an arc is struck between 
the two electrodes. The mixture gradually melts and forms a 
fused bath, the resistance of which gives rise to sufficient heat 
to effect the reduction and fusion of the metallic iron. The 
upper ^lectrode is gradually raised as the iron collects, and the 
latter is tapped at intervals. A modified form of furnace of 
this type has been designed by Messrs. Keller & Co., whose 
process, as carried out at Livet, was reported on favourably by 
the Commission appointed by the Canadian Government in 
1904. Under certain favourable conditions as to cost of electric 
energy* pig *iron of all grades can be produced commercially 
at quite a reasonalle cost in this furnace, a diagrammatic figure 
of which is shown in Fig. 19. 

It consists, preferably, of four hearths arranged in two pairs, 
in series, the members of each pair being in parallel, and grouped 
in such a way that as the metal, is reduced it collects in a central 
well, where it is kept hot by a subsidiary electrode. By the 
insertion of carbon blocks into the sole of each furnace, and 
connected by copper bars, an alternative path for the current is 
provided to act as a shunt when the hearths are in turn emptied, 
thus enabling the furnace to be worked continuously without 
very greatly varying the load on the alternator. 

In 1906 the Canadian Commission carried out experiments at 
Sault Ste. Marie, Ontario, to ascertain whether Canadian mag¬ 
netites and certain ores existing in large quantities and con¬ 
taining considerable quantities of sulphur, but no manganese, 
could be smelted to produce high-class pig iron; also if charcoal 
and peat-coke could be used as the reducing agent. The ex¬ 
periments showed that such ores can be readily smelted, .that 
low suljAur pig iron can be obtained from high sulphur ores, and 
that charcoal, even of inferior quality, can be satisfactorily used 
as a reducing agent without briquetting. Moreover, a pig iron 
of good quality containing only 0'40 per cent, titanium can be 
obtained from titaniferous iron ores containing as much a.s 
17 per cent. TiO.,. This last point is very important, as it makes 
available all the titaniferous iron sands of the St. Lawrence 
district and of New Zealand, which are qidt^nsuitable for use 
in the blast furnace. The recommendations in*tfie aoove report 
haVe been made use of in the design of the Swedish furnace by 
MeSlS^s. Gronwall & Lindblad, of Ludvika (The Electro Metal 
Company)^ an installation of which is now being built in Norway 
for the electric production of pig iron. The furnace is shown in 
section in Fig. 20. • - * 

It is really a combinatTon blast furnace and electric furnace 
design. A vertical shaft supported on coinimns is supeiimposed 
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of free space between the charge and the arched rooV. through 
which the three carbon electrodes (one of which is shown) project 
into the charge. The gaseous products of reaction leave the 
furnace at the top, and are blown back through tuyeres into 
the lower smelting chamber, the object being to cool the roof of 
the furnace chamber above the electrodes. It is essential to keep 
this brickwork as cool as possible, otherwise it is destroyed and 
becomes a conductor of electricity, giving rise to a short circuit. 
The ore, fuel, and flux, crushed to a suitable size, are fed througli 
a hopper, the ore being partially reduced by the carbon mon- 
o.xide rising through the chiirge, and reduction completed in 
the smelting chamber. No air is used in the'process, and the 
gases are produced from the carbon in the fuel, and tlie oxygen 
m the ores ;— 


Intt . Ff !- CO. 

The temperature of the (“S(taping gases is generiilly low, and 
they contain CO^, (8 to 11 per cent.), CO (10 to (iO pei' cent.), 
and steam, but no nitrogen. 

A somewhat .similar elecdric pig-iron furnace is being used 
by the Noble Electric Steel Company in California. 

The Stassano furnace is one of the oldest of the electric furnace.s 
for the smelting of iron ores. It is an arc furnace in whicli 
the necessiiry heat is obtained by direct radiation from th(v 
arc, and from the roof and sides of the furnace. 

A modern form of the furnace is illustrated in the accompanying 
diagrams. It rotates on an axis inclined about 7° to the vertical, 
in order to give a mixing action to the molten materials on the 
hccarth, and is hermetically closed to ensure a neutral atmosphere. 
The three carbon electrodes, which arc water-cooled, are .supplied 
with three-phase alternating current, and revolve with the hc^arth, 
the electrical contacts being arranged for by sliding brushes. 
The furnace is lined with magnesite blocks. Only the very 
purest hajmatites, such as exist in Northern Italy (where the- 
process is worked), are smelted, and these arc ground very fine, 
and made into briquettes with carefully adjusted proportions of 
carbon and flux. ?ne reduction is effected entirely by the solid 
carbon. It is claimed that by adjusting the proportions of pure* 
ore, carbon and flux, steel of any required grade can be produced 
direct from the ore. In its present form the furnace is ursuitabh' 
for smelting impure ores, but it is being used successfully for 
refining purposes. ’ « 

As regards the energy required for electric smelting, experi¬ 
ments have shown tha'; a ton of pig can be piaduced with 
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a consumption of about 1,700 kilowatt hours. Apart from the 
question of energy, the electric-smelting furnace has certain 
distinct advantages. Thus, whereas the blast furnace must be 
large, generally 90 feet in height, electric furnaces may be very 




much sinaller. Consequently, repairs are more easily effected, 
and it is not such a serious matter if the charge is not correct, 
or if the furnace has be shut down; moreover, regulation of, 
the temperature is mor3 easy. 
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ELECTRIC REFINING PROCESSES—PRODUCTION OF 
STEEL. 

These processes are not really electric ; electricity is used in 
them solely as a source o£ heat, and the purification is brought 
about by the same means to which we have become accustomed 
in the puddling Bessemer and open-hearth processes. In fact, 
for all practical purposes the electric furnace is a closed basic 
“ open-hearth ” furnace, in which the temperature is much 
higher, and which possesses the great advantage that the heat 
can be supplied without the simultaneous introduction of ojjygen. 
Carbon, silicon, and phosphorus are removed chiefly by oxida¬ 
tion with iron oxide, and sulphur is removed ih part as sulphide 
of manganese, which distributes itself between metal and slag, 
and partly as calcium sulphide, which apparently passes entirely 
into the slag. Electric furnaces are of great variety of size 
and form, but they may be classified conveniently under three 
heads—(1) arc furnaces, (2) resistance furnaces, and (3) induction 
furnaces. 

Arc Furnaces. —The best known furnace of this type is the 
Stassano furnace, which we have already described (p. 228). 
When used for the manufacture of steel from a mixture of pig 
iron and scrap, iron ore is added in the usual way to oxidise the 
impurities, and lime to form a basic slag. The furnace is also 
largely used for refining steel from the Bessemer or other process. 

Resistance Furnaces. —This is the type of furnace most com- ' 
monly employed, in which the heat is produced by the resistance 
to the passage of the current which is offered by the substance 
which is to be heated. A familiar example of this type of furnace 
is that introduced by Heroult, and which has been in successful 
operation for several years at La Praz in France, Kortiters in 
Sweden, in Canada, and elsewhere. The construction of the 
furnace may be seen from Fig. 23. 

Essentially it is a tilting furnace, very similar to that of Well¬ 
man (q.v.), through the arched roof of which two Targe water- 
jacketed carbon electrodes depend. The current passes from 
one of these through a short air gap, to the bath of metal, and 
from the bath of m^af through a second short gap to the other 
electrode, and can'Tie regulated either by adjusting the position 
of the electrodes by hand or automatically, according to tljP 
variation of voltage between each electrode and the bath. The 
furnace is, as usual, basic-lined, and the section of the roof between 
the electrodes is commonly made of bronze, in order that nO' 
magnetic circuit may surround them. Af La Praz an alternating 
current of 4,000 amperes and 110 volts 'is used. The furnace is 
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especially useful for converting common steel scrap of average 
quality iiuo steel of the highest quality. In a recent paper on 
“ Electric Smelting ” read before the West of Scotland Iron and 
Steel Institute, F. W. Harbord thus de.scribes the method of 
working :—“ Miscellaneous scrap, with some lime, is charged on 
the f-^rnace hearth, and as the charge melts, further additions of 
scrap and lime are made, a little pure iron ore being added when 
the metal is entirely melted. After the bath has been molten 
for some time the furnace is tilted, the slag poured off, and finally 
raked ofi the surface, until practically nothing but metal remains 
in th^ fur^jace. A new slag is now formed by suitable additions 
of ore and lime; this is melted and kept in the furnace for some 
time, when it is femoved in the same way as the lirst slag, and a 
third stag formed to remove the last traces of impurity. Ferro- 
silicon and ferromanganese in the case of low carbon steels is 


A A, Working doors. 

B C, Magnesite bottom. 

E, Entering electrode. 

F, Exit electrode. 
Molten slag. • 

H, Molten metal. 

J, Pouring spout. 

K L, Trunnions. 

M N, Outer brickwork. 



now Added, and the metal is ready for pouring into the ladle, 
and teeming into the ingot mould. When high carbon steel is 
required at the end of the operation, ‘ carburite,’ a mixture of 
pure iron and carbon, is added in the furnace in such quantity 
as to give’ the percentage of carbon required in the finished 
steel.” 

The Keller steel furnace differs from the Heroult furnace only 
in mechanical details. The process is prAiSically the same. 

More recent examples of resistance furnaces are the Girod 
and Giffre furnaces, which may be described as .bottom-electrode 
furnaces. The former, which is being used successfully at the 
Ochler *Works, Aaran, Switzerland, is a tilting furnace very 
similar in construction to the HAroult furnace (see Fig. 23). The 
two electrodes passing through tte roof are, however, of like 
polarity, while the moften metal, which is in contact with soft 
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steel pole pieces embedded in the hearth, forms the negative 
electrode. 

The lower ends of the negative pole pieces arc water-cooled. 
The usual charge consists of steel and east-iron scrap and turnings 
with some pig iron, lime being also added as a flux. The ihar- 
acteristic feature of the Giffre furnace, an illustration o^which 
is given, is that only one of the electrodes pas.sc.s through the roof 
of the furnace into the hearth, the other electrode being con¬ 
tained in a separate chamber built on to the main body of the 
furnace, the electrical! connection being maintained by a narrow 





Fig. 24.—(Jiffre furnace. Fig. 25.—(Jirod furnace. 

A, Molten steel; B, upjier electrode; A, Molten metal; B, upper electrode; 
C, molten steel connecting with 0, lower electrode, 

lower electrode; D, lower ii«jtrode. 

channel of molten metal. The furnace would, therefore, appear 
to be structurally stronger than the Heroult type, and to be 
practically free from any danger of short circuiting between the 
electrodes. It is being successfully used for the manufacture 
of low carbon ferro-alloys. 

Overhead electrode furnaces of the Heroult type have the 
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defect of having violent fluctuations of current owing to short- 
circuiting' abrupt making and breaking of the (mrrcnt, caused 
by the settling of the charge during the melting-down stage. 
From this defect the bottom electrode furnaces are nearlv free. 




Gustave Gin has patented a resistance furnace for the productioi 
of steel which, though at present not work(!d on a large com 
mercial scale, shows so much of fliterest that a description wil 
not be out of place. 
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The charge is contained in a channel, A, in a refractory lining, 
and constitutes a resistance through which the current Hows 
from the terminals B B (see Pig. 26). A vertical section is 
shown in Fig. 27. The terminals are water-cooled, the connection 
being shown at E 1' (Fig. 27). Fused pig is run in at li, and 
scrap or ore may be added ; tapping takes place at K. Thc,^vliole 
arrangement is .similar to an open-hearth gas-fired furnace, 
except that the heating is electrical, and is applied direct to the 
charge, and boxed in by the roof, iiustead of being produced in 
the vault of the furnace, and reflected from the roof on to the 
charge. „ 

Induction furnaces differ from all others in being destitute of 
electrodes. BrioHv, they arc transformers. The current sup]>lied 
to the primary of many turns is converted into heat in the second- 
<ars% which has a single turn, and (insists of the steel to be heated. 
The best known examples of this type are the Kjellinjind the 
Roechling-Rodenhauser furnaces, the construction of which is 
shown in Fi^s. 28 and 29. The latter has, in addition to the 
induced current, a current' passed through the metal from elec¬ 
trodes buried in the walls, and may, therefore, be regarded a.s 
a combination of an induction and resistance furnace. In the 
"case of the Kjellin furnace (Fig. 28) the materials to be 
heated are placed in a chamber in the ^orm of a ring, A A, 
contained in a furnace of refractory firebrick. In the centre of 
this ring-shaped furnace is one end of a rectangular armature 
of soft iron, C, the other parts of which surround the ring in such 
a manner as to form a link with it. A current of 3,000 volts 
and 90 amperes is used to excite the armature, and at each 
reversal a corresponding current of low potential (about 7 volts 
and 3,000 amperes) passes, by induction, through the materials 
in the ring. These, in consequence, become strongly heated, 
owing to their resistance, and it is possible to produce steel with 
any desired content of carbon by the use of steel scrap, iron ore, 
and the necessary addition of ferro-manganese or ferro-silicon. 
Since there is practically no elimination of impurities during 
the process, calculated proportions of high-class materials only 
can be used. The disadvantages of this type of furnace are 
that, in view of the narrow ring channel, it is difficult to maintain 
basic slags sufficierrMy hot and fluid to do the necessary work, 
and, further, that the power factor of these furnaces is always- 
low. These disadvantages are said to have been largely 
overcome in the Roechling-Rodenhauser furnace, in wliich the 
molten mass is subjected to p double heating effect, one direct 
„by induction, and the other from the currents passing between 
opposite sets of electrodes. ’In the illustration appended (Fig. 29) 
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the smeltipg troughs B are seen to run together to form a wide 
central hearth, A. The protecting walls which surround this 
central hearth are built up of magnesia, or dolomite, and con¬ 
duct very well at high temperatures. Behind the protecting 
walls are pole plates connected to the secondary circuit of the 
trans^rmer, and from these pole plates currents flow through the 



A, A, Circular trough in which steel is melted and treated; C, magnetic 
core; D, primary coil; E, frame connecting ends of C; F, cover for 
melting chamber; G, spout. « 



Fig. 29.—^Roechling-Rodenhauscr ind’jction furnace. 

A, Basin for molten steel; B, three narrow channclji fit which steel lies; C, 
three cores and coils for inducing current in the steel. 

fused metal contained in the wide portion of the hearth. The 
latest fdrm of this furnace, which is .a tilting furnace of 15 tons 
capacity, is operated by thn'c-phrase current with a frequency 
of 50 periods. It is being used principally for refining Bessemer, 
or open-hearth steel. * 
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Various modifications of the Kjellin furnace have been recently 
introduced, but these involve no new principle. The essential 
feature of the Frick furnace, for instance, is the placinjt of the 
nindintr of the primary circuit above the secondary— i.e., above 
the smelting hearth—while the Hiorth furnace is a double hearth 
induction furnace specially designed for continuous working. 
'I'he Kjellin furnace has been in successful operation at (Jysinge, 
Sweden, since 190(). A Frick furnace is in use at the Krupp 
Works, Essen. At the time of writing there are operating or' 
in construction in this country three furnaces of the Kjellin 
type, two of the Frich type, and one Heroult furnace 
In regard to the chemical reactions which take place in the 
electric furnace, the complete removal of pho.sphorus is effected 
by the slightly oxidising slag combined with its high basicity 
and fluidity. The complete removal of .sulphur is not .so esisily 
explained. The latter depends ultimately on the formation of 
calcium sulphide, and is facilitated by a reducing atmosphere. 
In an oxidising atmosphere calcium sulphate is liable to be 
formed, when the sulphur may pass back again into the metal 
according to the equation— 

CaS 04 -1- 4l'c Kc.S q. Sl'eO -f- (,'aO. 

The slag, also, should be highly ba.sic and free from oxide of iron. 
According to Osann, the latter prevents desulphurisation, because 
of the exothermic reaction— ' 

I'cO -c CaS I’uH -!- ('aO. 

Dr. Geilenkirchen explains the removal of sulphur in the Heroult 
furnace as due to the action of calcium carbide formed^ in the 
slag, which, by its reducing action, first deoxidises the metal 
and reduces the oxides in the slag, and then removes the 
sulphur according to the reaction— 

2Ca() + 2l'cS 4- 2C 20i.S 2re -f 2(,'(). 

This explanation is inadequate for induction furuace.s in 
which calcium carbidiJ‘cannot be formed, although the removal 
of sulphur is e<iuf'lly effected. For the complete remov-al of 
sulphur the addition of some powerful reducing agent seems 
necessary. This, of course, is only possible after the removal 
of the phosphoric .slag, a.s otherwise the phofjphorus \Vould be 
reduced and pass into the metal. Prof. Osann’s investigations 
led to the adoption of ferro-silicon as the reducing agent, which is 
added after removal of the pho.sphorus. The use of ferro-silicon 
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lias the advantage that its oxidation at the expense of the oxide 
of iron produces considerable heat, and raises the temperature 
of the hearth. 

With regard to the energy required for the production of electrics 
steel, it may be assumed that, starting with a cold charge, 800 to 
1,000 Mlowatt hours is required per ton of steel, while if molten 
metal is used only about 200 kilowatt hours, or' even less, is 
required per ton. At present it appears that the true province 
of the electric furnace is not the manufacture of vast quantities 
of cheap material, but to supplement the work of the convertor 
and (5J)en-lftarth furnace, and to replace the crucible furnace 
in the production wf smaller quantities of steel of the very highest 
grade, of special steel, and iron alloys. 

The production of ferro-chrome. ferro-silicon, and of many 
other special alloys of iron by aid of the electric furnace has now 
become ■» widely extended and successful branch of electro¬ 
metallurgy. Of these manufactures, ferro-silicon and ^grro-chronu! 
•are the most important. Ferro-silicon containing up to 10 or 
15 per cent, silicon can be made in the blast furnace, but for tlie 
higher grades which are difficultly fusible the use of the electrics 
furnace is esssential. The blast furnace limit for ferro-chrome isi 
about 40 per cent, chromium. Ferro-silicon is made by reducing 
a good haematite ore mixed with silica, with carbon in a smotlicred 
arc furnace, or by heating together scrap iron, silica, and carbon. 
•Ferro-chrome is made by reducing chrome iron ore with carbon, 
just as in the production of pig iron, except that a much higher 
temperature is necessary. Ferro-titenium is produced by Rossi 
by heating mixtures of titanic ore, aluminium, and scrap iron 
in suitable proportions in an electric furnace. Several firms now 
specialise in low carbon ferro-alloys, but the details of the processes 
are kept secret. The Giffre furnace is reported to be particularly 
successful for this purpose. 

Ferro-manganese is considered under manganese (q.v.). 'i’h(‘ 
following analyses represent modern ferro-alloys as made in the 
electric furnace (P. Girod, Faraday Society, June, 1910) 



Ferro-vawadiim. 



FerrO’Wohjhdemim. 

V, 

50'00 

35-00 

Mo, 

*. . . 77*00 

C, 

3-20 

1-00 

C, 

. , . 3-50 

Si, 

0-40 

0-12 

•Si, 

0-40 

M, 

0-20 

0-12 

Mn. 

. - 0-40 

Mn, 

0-60 

0-12 

P, 

0-04 

S, ' 

. . 0-05 

j 0-03 

1 

0-03 

P. 

o-so 

Fc, 

. 18-1,3 

Fc, 

45-05 

• 63-61 

• 



, 100-00 

foo-00 


100-00* 
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Fernytungsien. 



Ferro-chromirm. 


W. 

. 83-000 

73-000 

Cr, 

. 64-50 

03-50 

Fe, 

. 15-500 

19-000 

Fe, 

. 22-00 

35-00 

c. 

. O-flOO 

3-500 

c. 

9-50 

0-60 

Si, 

. 0-400 

0-400 

Si, 

2-25 

0-20 

Mn, 

0-200 

3-500 

Al, 

0-80 

0-10 

Ca, 

. 0-151 

trace 

. Mn, 

0-15 

0-10 

As, 

. . • 0-100 

0-100 

Ca, 

0-25 

0-35 

Sn, 

. . 0-0.50 

0-100 

K, 

0-04 

0-03 

•s. 

. 0-040 

0-050 

P, 

0-03 

0-02 

P, 

. 0 015 

0-0,30 





100-050 

99-080 


99-.',2 

99-90 


Fcrro-siUcon. 


SilicO‘Calci wm-A Inmin inm. 

Si, 

. 30-50 

88-50 

Si, 


55-00 

Fe, ' 

08-00 

9-30 

Ca, 


22-00 

Mn, 

0-35 

0-15 

Fe, 


15-00 

Al, 

0-10 

0-15 

Al, 


5-00 

Ca, 

f 0-30 

1-20 

c, 


1-25 

Mg, 

0-10 

0-30 

Mg, 


-35 

c. 

0-35 

0-25 

Mn, 


■22 

s. 

0-02 

0-15 

s. 


■07 

p. 

0-04 

0-03 

P, 


■03 


'.IO-70 

100-03 



98-92 


For further information on the subject of the electro-metallurgy 
of iron and steel, the reader is referred to Mr. F. W. Harbord’s „ 
paper, which we have already quoted, “ Electric Smelting,” 
Journ. West oj Scotland Iron and Steel Institute, 1909. 

Frequent papers also appear in the following journals :— Jmrn. 
of the Iron arid Steel Institute; Trans, of the Faraday Society; 
Trans, of the American Electrochemical Society; Mineral Industry. 

COPPEE. 

The following are the chief sources of copper :— 

Native Copper. —Considerable masses of metallic copper occur 
native in the neighbourhood of Lake Superior. In other districts 
— e.g., in Cornwall—it is found in veins distributed, in crystalline 
form, through granites and other rocks. Copper sand containing 
60 to 80 per cent, 'c* copper, the balance being quartz, is found in 
Chili, and is knojwn as “ copper barilla.” It constitutes a minor 
source of copper. 

Red Copper Ore. —Pure specimens of this mineral ‘{cuprite) 
have the composition Cu,0. It is found in Cornwall, but the 
quantity is small compared with that of the sulphide ores. Black 
oxide of copper (CuO) (tenorite) is also found in slight amount. 

Cprbonates of Copwr, containing various proportions of 
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•opper hyViroxide and copper carbonate, are found as malachite, 
juCO.j. CufOH)^, and blue malachite or azurite, 20uC0.,. C'u(()J{).j. 
The most noteworthy deposits of these minerals are tliose at 
Burra-Burra in Australia. 

Copper Pyrites (Chalcopyrite). —This is one of the most 
ibundant of copper ores. Pure specimens have the composi¬ 
tion CujS . PeB-, but the ores which are worked contain a certain 
imount of gangue and generally an excess of sulphide of iron, 
and are frequently associated with arsenic. Indeed, iron pyrites 
eontaining copper (see Manufacture of Vitriol, Vol. II.), is 
worked fof the copper which it contains. 

A variety richer in cuprous sulphide than is ordinary co]>p('r 
pyrites, corresponding with the formula 3Cu.2b. Fe.jS.,. is kiutiMi 
as peacock copper from its variegated colours. 

Copper Glance. —This ore corresponds with the formula ('u.;S 
(cuprous sulphide). It is found in Cornwall, and occurs in 
kberia, Saxony, and elsewhere. ’ , 

Grey Copper Ore {Fahl-ore) consists of copper sulphide associ¬ 
ated with antimony sulphide, its composition being very various. 

Cupriferous Schists, consisting of bituminous shale through 
which copper pyrites and copper glance are disseminated, occu—■ 
at Mansfeld. . 

Copper Oxychloride (Atacamite), CuCl.j. 3Cu(OH)2, occurs in 
several copper districts, but most abundantly in Chili and Bolivia. 

WINNING OF COPPER FROM ITS ORES. 

A. DRY PROCESSES.—The following general principles may 
be said to control the dry processes for the extraction of copper 
The production of copper from its ores differs essentially from 
that of iron by reason of the fact that the chief ores worked 
contain copper as sulphide instead of as oxide, and that sulphur, 
instead of oxygen, is, therefore, the element to be removed. 
Seeing that sulphur, unlike oxygen, cannot be removed by 
reduction with carbon, the formation of CS.> being endothermic, 
it must first be eliminated as SO„ by an oxidising process, the 
copper being converted into oxide. <• ^ 

If pure copper sulphides were being workfd) reduction of the 
oxide to metal by carbon could be effected at this stage,* just as 
'iron ores are reduced in a blast furnace; but, owing to t.'e fact 
that iron is a constant constituent, the roasted ore would contain 

* Actually, pure copper sulphide is capable of “ self-reduction (p. 172), 
thus Cu..S + 2CuO = 4Cu -f SO.., so*that complete roasting and reduc¬ 
tion with carbon is unnecyssary ; it is, nevertheless, practised in typical 
German proc^sea—e.?., that which is known as the Mansfeld process (v.i.). 
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oxides of iron; these would also be reduced, yieldii^ a mass 
which would prove unmanageable, on account of the infusibilitv 
of the iron. It thus happens that in any process for smelting 
copper from an ore containing copper and iron, the iron must be 
eliminated before the copper can be obtained as metal. In order 
to effect this, advantage is taken of the greater stability of dbpper 
sulphide than that of iron sulphide in an oxidising atmosphere. 

When a mixture of the sulphides of iron and copper is roasted, 
the greater part of the iron is converted into oxide, while the 
bulk of the copper remains as sulphide. Even should these 
reactions be incomplete, in the sense that a portion Si thc' iron 
remains as sulphide, while a portion of the copper is converted 
into oxide, all the copper may be ultimately obtained as sulphide on 
account of the case with which oxide of iron and sulphide of copper 
interact. When all the copper has been obtained as sulphide and 
all the iron as oxide, the latter can be removed by suitable fluxes. 

Approximately' pure sulphide of copper having been thus 
obtained, it is only necessary to replace a portion of its sulphur 
by oxygen, and to subsequently cause the oxide of copper to 
react with the residual sulphide, thus :— 

2Cn./) + CujS OCu + SOa. 

Crude copper differs from most other crude metals, in re.spect 
of the fact that it can be economically refined by electrolysis 
(v.i.), as well as by ordinary dry methods. 

Although the processes for smelting copper are numerous 
and complicated, they all depend upon the general principles 
expounded in the foregoing paragraphs. The description of the 
Welsh smelting method will serve as one of a type to which 
others are referable. In this process the following operations 
are usually carried out:— 

1. Calcination. —The object of this depends largely on the 
nature of the ore. In the case of copper pyrites, partial oxida¬ 
tion of the iron and sulphur and elimination of arsenic and 
antimony, are the chief ends to be attained. 

It is unusual to attempt any method of preliminarj" concen¬ 
tration of copper ores, iexcept when they are very poor (con¬ 
taining, say, 3 td'‘4 per cent. Cu). The loss in the process is 
always very considerable, and it is only in very few cases that 
mechanical concentration is profitable. 

In the Welsh process calcination is generally effected in a rever¬ 
beratory furnace, with a grate small in comparison with the hearth, 
so that the temperature is low enough far efificient calcination. 

furnace of this type is shown in Eig. 20. The main reaction 
is the removal of about half the sulphur as SOj, and the greater 
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part of tht arsenic as As^Og. Antimony is also partly eliminated. 
The resulting fumes, “ copper smoke,” will contain, besides tlie 
above constituents, SO,,, evolved from ferrous sulphate, into 
which a portion of the iron sulphide has been oxidised, and 11F 
from the interaction of the SO^ with fluor spar (CaF^) present in 
the g%ngue. These fumes are condensed as much as possible, 
and the arsenic recovered. The calcined ore consists essentiallv 
of copper as sulphide with some oxide; iron as oxide with some 
sulphide; a portion of the arsenic and antimony as arscniate 
and antimoniate; and unchanged gangue. Any zinc sulphide 
preseat isipartially oxidised, while galena (PbS) is converted 
to a mixture of ]fad oxide and sulphate, and, if present in any 
quantity, interferes somewhat with the roasting on account of 
its fusibility. When the SO.^ is to be used for vitriol making. 



Klevation. 

l*’ig. ;i0.—Reverberatory roasting furnace. 


calcination is performed in roasters, from which the fire gases 
are exduded (e.(j., muffles), and from which the SO.j can be 
drawn off in a fairly concentrated form. Calcination "can also 
be performed by roasting the ore in heaps, constructed essentially 
in the manner of a charcoal heap; a portion of the sulphur 
distils off and may be collected in hollow's left in the heap. When 
poor ores are thus treated it is found that the centre of each 
lump has become richer in copper than it% outer portion; a con¬ 
centration is thus effected by this process, which is known as 
“ kernel-roasting.” The substitution of stalll (c/. CoTce Manu- 
laeture, Vol. II.), for heaps is practised when the utilisation of 
SOj is reguired; the gas is drawn off through flues in the walls 
of the stalls. Narrow vertical kilns, Vith horizontal bars ((?«»■- 
stenhofer kilns) down wjiich the or^ is caused to pass, meel 
a current of hot air on i^ way, are also employed when calci 
■tion with the jecovery of SOo is desired. 


16 
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The Welsh process is seldom carried out now exactly according 
to the six stages we are attempting to describe, but it has been 
considerably modified from time to time, and among the improve¬ 
ments which have been introduced may be mentioned modern 
forms' of roasting plant. Such furnaces are either intermittent 
or continuous. The tendency with reverberatory furnaces has 
been to increase their length to 20 or 30 feet, and to keep them 
narrow, while in America a series of furnaces is sometimes arranged 
end to end, the hearth of each being 2 or 3 inches higher than* 
the ore before it. These multiple-hearth furnaces have a larger 
output, and are le.ss costly for labour. Other intermittent 
furnaces possess rotating bodies, and are typifie^ by the Bruckner 
calcincr, which is really a reverberatory furnace consisting of 
an iron revolving cylinder lined with firebrick, about 8 feet in 
diameter and 15 to 20 feet long. At one end is a fireplace, and 
at the other end is a dust chamber connected with the flue and , 
chimney. The cylinder rests on friction rollers, and is rotated 
by gearing placed on the exterior. Continuous roasting furnaces 
may be classified into— (a) Tube furnaces, consisting of revolving 
cylinders slightly inclined upwards from the fireplace, and similar 
in principle to the Oxland calciner employed for roasting tin ores 
iq.v.). (b) Automatic reverberatory furnaces, based on the same 

principle as the tube furnaces, and possessing very long hearths 
(120 feet upwards). The charge is turned over repeatedly, 
and slowly advanced along the furnace until it is discharged, 
at the end by a series of rabbles or ploughs, which are drawn' 
through the furnace by chains or ‘ otherwise. These furnaces 
may be either straight or curved (e.y., the “ horse-shoe ” furnace). 
The O’Hara, Brown, and Pearce turret furnaces are examples of 
this class, (c) Stack Furnaces .—The old Gerstenhofer kiln already 
described is an example of this class. The Herreshoff furnace is 
based on a somewhat different principle. It is a circular stack 
furnace about 10 feet diameter and 10 feet high, consisting of 
a steel casing lined with firebrick. The ore travels from top to 
bottom over a series of shelves by means of ploughs attached 
to a central vertical shaft. About 5 tons of ore can be roasted 
in twenty-four hours.^ The ore used contains enough sulphur 
to supply the negessary heat once the action is started. 

2. Fusion for toaree Metal.— In this operation the bulk of 
the iron is to be removed as silicate. For this purpose it must 
all be present as a base (vis., as its oxide), and the residual iron 
sulphide, left by calcination, must, therefore, be converted 
into oxide. As has been ^Iready mentioned, this is to some 
extent effected by the interaction of the copper oxide, obtained 
in calcination, with the iron sulphide'^; but, as an auxiliary, 
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copper or* in which the copper is present as oxide jiro added.* 
The siliceous flux for the removal of the iron is provided partly 
by the gangue and partly by the slag from a succeeding operation, 
this slag, inasmuch as it contains about 4 per cent, of copper, 
being too valuable to throw away. The furnace in which the 
fusion*for coarse metal is conducted is of the reverberatory 
type (see Fig. 31). 

The hearth (from 30 to 40 feet long) is made of brick or of .sand 
laid on bricks, and, since a high temperature is required, tin? ratio 
of fireplace to hearth area is comparatively large (about I ; II). 
The f«rnac« shown in the diagram is jirovided with three tele¬ 
scopic steel douljle-charging hoppers for ore and one double 
hopper for coal. The firebox is provided with a blast pipe, 
and the ash is removed by cars running on rails. A d('pi e.s.sion 
in the hearth serves as a collecting well for the fused matte. 
The mi-xjure of calcined sulphide ore and raw oxide ore (about 
2:1) is introduced into the furnace through the ho])pers, and 
the slag from a succeeding operation (thus workeef u)) foi’ its 
copper) is thrown in through the side doors. The furnace is 
then closed and the charge brought to fusion, in which con¬ 
dition it is maintained for six to seven hours. The slag is then 
raked out through the doors at the end and back into s.-nid 
moulds. 

The matte is drawn off through a tamping hole into ingot 
moulds. The slag, known as ore furnace slag, (consists esa(‘ntially 
of ferrous silicate, and should not contain much above 0‘25 per 
cent, of copper; it is then regarded as “ clean ” and rejected. 
It is found difficult to obtain clean slags when w'orking with raw 
material conbiining more than 15 per cent, of copper, and when 
the content falls below 9 per cent, the cost of heating the gangue 
becomes unduly great. The matte or “ coarse metal ” contains 
from 35 to 39 per ednt. of copper, and has a similar composition 
to that of pure copper pyrites, the proportion of iron and sulphur 
having been reduced (see Table, p. 253). 

3. Calcination of Coarse Metai. —The granulated or crushed 
matte is calcined in a reverberatory furnace with a large hearth. 
The effect of this roasting is to substitute oxygen for a portion 
of the sulphur, the main oxidation again takjjig effect on the 
iron sulphide, as in the original calcination of the sulphide ore. 
Calcination, is sometimes carried out in a Gerstenhofer kiln, such 
as has been described on p. 241, so that SO.^ can be collected 
and used. The observations made a^ to modern methods of 

♦ In the event of over-calcination, instead of under-calcination having 
taken place, the composition^of the charge is corrected by the addition of 
sulphide ores instead of oxide ores. * 
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roasting tie ore in the first stage apply equally well to the cal¬ 
cination of the coarse metal. 

4. Fusion for Fine Metai. —^The calcined coarse metal is fused 
in a reverberatory furnace—which has a depression in the bed, 
and is in all respects similar to that used in the fusion for coarse 
metal^with oxidised ores and sometimes with crude copper 
precipitate from wet processes of extraction, and with rich 
. slags from succeeding operations. The added oxidised ore may 
amount to as much as half the weight of the calcined coarse 
metal. The mixture is so proportioned that there shall be 
sufficient (txide of copper to react with the remaining ferrous 
sulphide * and enough siliceous matter to flux the oxide of iron 
produced; the resulting matte, consists essentially of cuprous 
sulphide, “ white metal,” containing about 70 per cent. Cu. 
Should the iron sulphide have been incompletely oxidised, “ blue 
metal ’’' containing 50 to 55 per cent. Cu is obtained, and in the 
event of the oxidation by means of the added ores Jiaving been 
pushed further than usual, self-reduction will occur and “ pimple 
metal,” containing about 76 per cent. Cu, will be produced. 
Pimple metal owes its name to its roughened surface, due to the 
escape of SO., from the metal as it solidifies. A portion of then 
copper is present ui • the metallic state, frequently having a 
fibrous mossy appearance {moss coffer). The copper thus 
separated acts as a solvent for a large portion of such impurities 
• as have persisted up to the present stage—As and Sb and 
settles to the bottom of the ingots into which the matte is cast; 
the upper and purer portions of the ingots are used for the best 
selecting process ” subsequently described, the lower portions 
going to the roaster {v.i.). The slags from the white metal 
consist.of ferrous silicate, but inasmuch as the charge is rich in 
copper oxide, some copper silicate passes into the slag (metal 
slag containing about 4 per cent, of copper). To recover this 
copper the slag is returned to the furnace for fusion for coarse 
metal, already described. . 

For the production of a 70 per cent. regulus,t two fusions or 
smeltings are necessary, as we have de.scribed. Such a regulus 
is converted into coarse metal ’ in a reverberatory furnace in 
the fifth stage, as described in the next s«*ion. In modern 
practice, however, it is customary to run for alO per cent, regulus 


* A further adjustment of the proportion may be requisite if it has been 
disturbed by the introduction of crude coj^icr precipitate, which may be 
nrovided with the necessary sulphur by the addition of sulphide ores. 

t In America the old terras “ coarse metal,” “ white metal, etc., are not 
us^, but the regius is always called a matte, and its richness is indicatcvU 
by the percentage of Cu which it contains. ^ ^ . . 
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which is suitable (or treatment in the “ converter,” f'clie use of 
whic-h is discussed later, and this may be done either in one stage 
or two, according to the richness of the ore. In the older Welsh 
process the.se smeltings were always carried out in reverberatory 
furnaces in the manner described above, and these are still used 
to a large extent, e.spocially when the ores are in a fine s tate of 
division. In othcT case's some form of blast furnace is now 
generally used for smelting, their advantage being a larger, 
output and economy in labour and fuel. There has been a con¬ 
siderable development in size and method of working smelting 
reverberatory furnaces, their capacity being increased from 12 to 
upwards of 50 tons per twenty-four hours. This increase in 
smelting capacity is not only due to increase in size of the furnaces, 
but to improvements in the method of working, such as rapid 
(•harging of the hot calcined ore, preheating the air by conducting 
it through channels in the brickwork, rapid skimming through 
four doors simultaneously, and tapping after several charges 
have been smelted, thus keeping the hearth well covered with 
matte. In America, recently, tilting furnaces have been intro¬ 
duced, similar to the Wellman furnace used in steel making {q.v.). 

As we have indicated, blast-furnace smelting is now largely 
practised, especially for ores in the lump form, or for ores which 
have been converted into a porous mass by a proce.ss of “ sintering 
roasting.” The earlier furnaces were built of masonry, and 
were either circular or rectangular in section. The Orford, 
furnace is of masonry, and is rectangular, being about 10 feet high, 
12 feet long, and 3 feet 6 inches wide, and provided with 14 
twyer openings arranged iibout 10 inches above the hearth. 
Modern improvements consist in the replacement of the brick 
furnaces by water-jacketed iron furnaces, which are more easily 
constructed, more durable, and simpler to manipulate. The 
larger sizes arc nearly always rectangular. Some are entirely 
water-cooled, while others have only the lower portion or bosh 
water-jacketed, the upper portion being of masonry, and supported 
on columns as in the ordinary blast fiuTiace used for iron ores. 
Suitable arrangements are made for tapping fused slag and matte. 
The furnaces are from 10 to 30 feet in height, and their smelting 
capacity commonly varies from 100 to 200 tons of ore per twenty- 
four hours with a consumption of 2J to 3 cwts. of cokp per ton 
of ore. To avoid the rapid destruction of the brickwork of tire 
hearth by prolonged contast with the fused slag, it is cj,i.stomary 
to practise “ outside sepJ^'ation ” of matte and slag— i.e., the 
liquid material is collected in a separpte chamber or “ fore¬ 
hearth,” which is an iron vessel lined with firebrick and usually 
mounted on wheels, and from which the slag and matte are 
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tapped. "The blast used iii these furnaces rarely exceeds 1 lb. 
pressure, and the air is usually heated before entering the furnace. 

Pyrltic Smelting. —In ordmary matte smelting the heat is 
supplied by the combustion of the added fuel; the atmosphere 
is reducing, and nearly all the sulphur present enters the matte. 
By pyritic smelting is meant the smelting of sulphide ores by 
the heat generated by their own oxidation and without the aid 
. of carbonaceous fuel. In this direction great progress has been 
made in recent years. In pyritic smelting, therefore, ores high 
in sulphur are used and an oxidising atmosphere is maintained. 
The furna«es most suitable are large rectangular water-jacketed 
blast furnaces wi^h a larger number of twyers than usual, supply¬ 
ing a large quantity of hot air; furnaces with circular hearths 
are also used. In practice it is found advisable to add a small 
quantity of fuel (up to 6 per cent.) to the charge. The addition 
of a siliceous flux is also sometimes nccessjiry. The process is 
particularly applicable to the concentration of mattes. One 
application of the method is to smelt together a mixture of 
pyrites low in copper and siliceous material carrying gold and 
silver, the object being to obtfiin a matte which contains practic¬ 
ally the whole of the precious metals, and which is afterward^, 
treated for their recoyery. 

5. Roasting and Self-Reduction. —In order that self-reduction 
may be brought about, it is necessary to roast a portion of the 
matte to oxide so that it may react upon the remaining cuprous 
sulphide and form metallic copper and SO.j, according to tin' 
equation given above. The ingots of fine metal are placed on 
the hearth of a reverberatory furnace—similar to that used in 
the preceding process, but provided with a greater number of air 
inlete—and slowly melted down, free access of air being allowed 
and the slag being frequently skimmed off. The molten mass 
soon begins to boil with the escape of SO.^. The air ways are 
closed, the slag skimmed off the surface, and the “ blister copper ” 
run into ingots. The escape of gas from the molten metal renders 
it vesicular and blistered on the surface. It contains about 98 per 
cent. Cu. The slags (roaster slags) result from the combination 
of the oxides of copper and iron with the silica of the furnace 
bed, and contain about 10 per cent, of Cu. Tihey are worked up 
in the fusion for fine metal. * 

• It wilbbe seen that the processes hitherto dfflcribed consist of 
oxidations alternated with reactiofs between oxides and sul¬ 
phides, a crude copper being thus detained. In order to effect 
the separation of the products of Jhe reaction between sulphides 
and oxides, in the forjn of a matte, a fusion is necessary, a ny 
remaining epeides being removed as slag. According to the oldBT* 
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Welsh Tcverbcratory furnace method, three pairs of <fhcRe two 
types of process—roasting for oxidation and fusion for reaction— 
are necessary, the last pair (v.s. sub-section 5) being performed 
in the same furnace, and thus appearing as a single operation. 
In a more modern method of working, however, this last operation 
is actually carried out in two stages, two-thirds of the ‘kwhite 
metal ” charge being first calcined in a continuous tube roaster, 
then mixed with the remaining third" part of uncalcined charge 
and the mixture heated in the reverberatory furnace and con¬ 
verted into coarse copper. When the fourth operation (fusion 
for fine metal) has failed to produce a matte sufficient'y pure for 
the final roasting, another pair of operations myst be carried out 
in order to bring the copper up to a grade suitable for refining. 
The product of this extra inserted pair of operations is known 
as “coarse” or “black copper,” and contains about 80 per 
cent, of Cu. It is roasted to blister copper as already described. 

An alternative method of carrying out this operation is to 
blow air through the molten mass in a converter. This process 
of “ Bessemerising ” copper matte is now in general use through¬ 
out the copper districts of America and in other parts of the world. 
A third method of obtaining copper from copper matte is to 
roast it to oxide and reduce with carbon as described below in 
the Mansfeldt process. This method is only used when silver has 
to be separated at this stage. 

The Use of the Bessemer Converter in obtaining Coarse Copper.— 

The advantage gained by the use of the converter in refining 
iron chiefly consists in the circumstance that the impurities, in 
the process of removal by oxidation, themselves furnish the heat 
necessary to carry on the operation and keep the metal thoroughly 
liquid. In the case of iron, the chief impurities, carbon, silicon, 
and manganese, evolve much heat on oxidation, and thereby 
actually raise the temperature of the charge in spite of losses 
of heat by radiation and other causes. With copper, on the 
contrary, the chief impurities, sulphur, iron and arsenic, have 
comparatively low heats of combination with oxygen, and are 
also usually smaller in quantity than the impurities in iron. It 
follows that although the specific heat of copper (0'095) and its 
melting point (1,Q^0° C. = 1,976° F.) are lower than the .same 
constants for iron (9‘112 and 1,505° C. = 2,711° F.), the heat 
evolved in bessemerising crude copper {e.g., blister oopper) is- 
insufficient to maintain thq; metal-in a molten condition. The 
attempt to refine crude copper by ordinary bessemerising has, 
therefore, been abandoned, and the old refining process (described 
in section 6), costly in fuel and labour, retained of necessity. By 
smarting with a cruder product than blister copper, and thus 
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uicreasiri^ the ijuantity of (-oinbustible material, it i.s jiossiblc, 
however, to evolve sufficient heat to maintain the .•hiiif'e in a 
liquid condition, and to oxidi.se it until the bulk of the sulphur 



r 



Fig. 32.—Bisbee copper 
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converter. 


(.aipacity, li tons. 


and iron is eliminated and a grade of crude copper corresponding 
with the bli^er copper of the Welsli process obtained. “ 
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Tke Manh^s process is biisod on this principle. ^5^ matte 
<'OiTC.spoii(lin>; with blue metal — i.c., of a composition between 
that of coarse metal and line metal ('’..v.)—is produced, run into 
a conv('rter. and oxidised by a blast dir('cted at first from below 
the (harye and afterwards from twyers from the side of the 
converter, so that as th<> copper is reduced to metal and sinks to 
the bottom of the charfie, it may cease to be acted on by th<^ 
blast, which is directed upon the still unoxidised and .specifically 
lijlhter matte. 

The process can onlv be satisfactorily ap])lied to mattes con¬ 
tainin'; abo\it 51* per cent, copper. If the matte is too iKgli in 
copper the (piaiititv of iron and sulphur is so small that the h(!at 
evolution is in.sullicient to keep the mass melted, while if the 
proportion of copper is too small the amount of slag produceil 
is large and the destructioTi of the converter linings rapid. .Modern 
copper <'onverters u.sually take the form of horizontal cylinders 
mounted on friction wheels (Fig. ‘hi), so that they can be easily 
tilted. 'I’he converter shell is made of |-inch steel plate lined w ith 
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a layer (about 1 foot thick) of crushed (piartz and a little clay. 
This lining furnishes the silica for slagging ” the iron oxide 
formed by the oxidi.sing action of the blast, and usually lasts 
for about nine charges, after which tin' converter needs relining. 
This lining forms a somewhat expensive item in the process, aiuf 
in sbme American M'orks it is the custom to use a siliceous ore 
containing from 5 to 10 per cent, copper as a lining, the copper 
being extracted during the process. 

(.)ne form of converter consists of a cylindrical vessel with 
its longer axis horizontol and provided with an inlet and outlet 
at its ends, so that the flame, of a furnace can be turned through 
it in order to melt the charge within it befon' bessemerising. 
As a rule, howev^'r, the converter is charged with molten matte. 
The twyers are placed in a tow along the .side of the cylinder, 
and are so connected with the pipe conveying the bhvst that by 
a partial rotation of the (^,'Under the air may be either forced 
through the molten chart^e at any desired depth, or directed 
down upon its surface without breaking joint with the air supply. 
A cross-section of the cylinder in different positions is shown 
hi Fig. 33, c representing one of the twyers. The attachment 



REFINING CRGDE COPPER. 


251 


of a joirifed tube capable of fle.vure to e for the convcyaiico of 
the blast will be readily apprec iated. The proce.ss takes place 
in two stages, each lasting from 30 to 60 minute.s. In the first 
or slagging period oxidation takes place, and the oxide of iron 
produced forms a slag of ferrous silicate with the lining of the* 
convejter. At this stage the slag is partially poured off. A 
little fresh matte is then usually added in orcler to supply fuel 
to bring up the temperature rapidly when the converter is again 
turned up. In the second or copper making period reaction 
takes place between copper oxide and sulphide with the produc¬ 
tion erf meiallic copper. The copper obtained has a comjiosition 
averaging Cu 98'J, S 0'85, Fe 0’15 per cent. 

6. Refining. —The crude blister copper usually contains S, 
As, Sb, Sn, Pb, Bi, Fe, .Ni, Ag and Au. Of these, .sulphur Is the 
chief impurity, though copper from aivsenical or(!s may retain 
several•pe]' cent, of arsenic. The relining proc'css consists es.sen- 
tially of regulated and limited oxidation. The blister co]>])er is 
piled on the hearth of the refinery, which is an ordinary roasting 
furnace with an inclined hearth, and slowly fused in an oxidising 
atmosphere. The charge is rabbled and skimmed at inl;ervals 
until it has arrived at the stage of " dry copper,” so (tailed from, 
the dull red colour of,a fractured surface. 'Phis condition is due 
to the presence of cuprous oxide di.ssolved in the copper, and is 
an indication that the impurities have been oxidised. It is con¬ 
sidered that the process of oxidation is much promoted by the 
conveyance of oxygen in the form of cu])rous oxide to the interior 
of the mass of fused copper on the refinery hearth. A similar 
but more efficient agent is sometinu's used—viz., oxide of lead 
(produced by the addition of metallic lead to the charge), which 
is morj easily reducible by the impurities to be oxidised than is 
cujirous oxide; this method of treatment is termed “ scorif'ica- 
tion.” The slag (refinery slag) contains the above-mentioned 
impurities as oxides—except that some of the sulphur and arsenic 
has been volatilised—and .silica from the furiiiKc litung. It also 
contains much copper oxide (corresponding with a content of 
about 55 per cent. Cu in the slag), to recover which the slag is 
reworked in the fusion for fine metal. ^ 

Dry copper containing cuprous oxide is useless for most pur¬ 
poses, being brittle (“ short ”); accordingly,* as .soon as the slag 
is removed, the surface of the metal Ls covered w*ith anthracite or 
charcoal and after a short time a pfle of green wood is worked 
in the charge. The gases thereby e\'j)lv('d from the wood effect 
the reduction of the cyprous oxidi; and toughen the metal, con¬ 
verting it into “ tough-pitch copper.” It is found advantageous 
not to push^the polini/ too far, as a small (piantity of cuprotBP^ 
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oxide improves the quality of ordinary copper (see Influence of 
Imjmrities on Copper, p. 262). The tough copper is ladled into 
ingots. The substitution of other reducing agents for the carbon 
of the poling has been attempted, the greatest success having 

attended the use of phos¬ 
phorus, in the foxm of 
copper containing 7 per 
cent, of this element. Only , 
traces of phosphorus re¬ 
main in the finished copper. 
Aluminium and- zlne will 
effect a similar reduction. 

The removal of aT.senic 
from arsenical blister 
copper and arsenical copper 
bottoms {vA.) is. advan¬ 
tageously effected by re¬ 
fining in a furnace with a 
basic-lined hearth, such as 
is used in steel-making, 
because impurities yielding 
acid_ oxides— e.ij., arsenic 
and antimony—are thus 
more easily eliminated. 

Process of making “ Best 
Selected” Copper. —It has 
already been indicated that 
when oxidation occurs, in 
the process of fusion for 
fine or white metal, beyond 
the point at which all the 
iron is converted into oxide, 
a portion of the copper 
appears as metal, and this 
dissolves a large proportion 
of the impurities of the 
matte. It is found advan¬ 
tageous to exaggerate this 
effect, and to thus obtain 
a matte which can be 
more efficiently _ refined 
than can ordinary fine m^tal. When this method is adopted, 
the process is conducted in,^a separate furnace, in which the 
fine metal, instead of being made to undergo complete self- 
“Veduction, as in the roaster furnace {v.s. sub-section 5), is melted 
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down, aiiS is tapped when about one-fourth of the copper has 
been reduced. When the matte is cast into ingots, the metal 
settles to the bottom, and is afterwards broken off. The refined 
matte (“ close regulus,” containing 79 per cent, of Cu) is almost 
pure Cu.iS (which contains 80 per cent, of Cu), and is put through 
the relating and refining process already described (Nos. 5 and 
6). The copper thus obtained is “ best selected.” The lower 
portions of the ingots are known as “ bottoms,” and are rich in 
the impurities (notably arsenic) present in the original fine metal. 
They are refined in the same manner as is blister copper, prefer¬ 
ably on a basic hearth, and yield a copper of a grade lower than 
best selected. TJie “ B.S. process ” is now seldom used. The 
so-called “ best selected copper ” of commerce is now usually 
prepared from pure materials. 

The diagram on the preceding page (Fig. 31) gives a graphic re¬ 
presentation of the stages of the Welsh process of copper smelting. 

The gradual change in chemical composition of the products 
of copper smelting by the Welsh process, from the ore to tough 
pitch copper, is shown in the accompanying table of analyses ;— 



Ore. 

Koasted 

Ore. 

('oarse 

Metal. 

Rortsted 
Coarse Metal. 

Flue 

Metal. 

Copper, 

12 

13 

34 

37 

72 

Iron, . 

26 

28 

35 

38 

6 

JSulphur, 

.30 

21 

30 

15 

22 

Gaugue, 

32 

.34 

1 

1 

... 

Oxygen, 


4 


9 

... 


100 

100 

100 

100 

100 

. 









Blister 

Eefliicil 

ToliKh 

Best 


IWttoms.* 

(’opper. 

(.’opper. 


Selected. 

Copper, . 

92-.32 

98-46 

98-90 

99-61 

99 89 

Sulphur, . 

Oil.') 

trace 

trace 

trace 

... 

lie.ai), 

(►•{>2 

0-02 

0-02 

0 02 

trace 

Bismuth, . 

0 06 

0 04 



0-02 

Arsenic, . 

5-09 

0-84 

6-k> 

6-02 

0-05 

Antimony, 

0-27 

trace 

trace 

♦ trace 

trace^ 

Phosphorus, 

0 05 

0 01 


... ; 


Iron, ,, 

002 

0-02 

trace 

trace 1 

trace 

Nickel and cobalt, 

012 

truce 

J 0-22 

0-21 ! 

trace 

Silver, • . 

002 

0-02 

" 0 03 

0-03 


0.xygen, . 



,0-75 

0-08 



99'^2 

99-41 

99-94 

99-97 . 

99-96 


* 






* * Jonrn , 8 oe . Cham , Ini ., p. 4._ '• 






254 


METALLURGY. 


The products obtained in copper smelting and refmfttfi: neces¬ 
sarily vary according to the nature of the raw material and the 
mode of working; the figures given above are, therefore, to be 
taken as representative examples and not as rigid standards. 

Typical German Process of Copper Smelting.— This differs 
from the 4\'elsh process already dealt with, in that kilys and 
blast furnaces are respectively substituted for the calcination 
furnaces and fusion furnaces described above. Moreover, the 
tine metal is roasted “ dead ”— i.e., converted into cupric oxide 
—and reduced by carbon in a reverberatory furnace, this pair of 
operations taking the |)lacc of the self-reduction of,the i\ elsh 
j)rocess. For most oi'cs the Welsh is now lap;gely substituted 
for the German typical metliod, as although it lUicds more fuel 
it avoids the strong reducing action of the blast furnace which 
tends to yield an impure metal. 

The Mansfeld Process of Winning Copper (and Silver).— This 
process is particularly adapted tor ores poor in copper, but 
containing sufficient silver to ))ay for recovery. This is especially 
the case with the Mansfeld cupriferous .scliists. A typical ore 
of this class has the following composition :— 

IVi' cent. 


Sit). 

AljOj. 

CaO. 

MgO. 

tOj, .... 
Fe, . . . 

C«, 

Ag. 

.S, .... 

liitumiuoiiB inatUM-, Ac., 


;«'T« 
11 -.’S 
14 31 
4 a.! 
i:i-61 
(1-85 
2i)3 
001 
3!)(i 
1407 


98-2.3 


The ore is burnt in heaps ; the bitumen and some of the sul()hur 
are eliminated, but care is taken to refciin the copper as sulphide, 
it is then fused in blast furnaces with slags from a succeeding 
operation and fluor spar. The restilting coarse metal contains 
from 30 to 45 per cent, of copper, and was formerly roasted in 
kilns, for which purpose it was mixed with about its own weight 
of already roasted coarse metal to avoid fusion. In modern 
works the coarse fnettvl is calcined in reverberatory furnaces 
cxactlv as in the Welsh process. The fusion for fine metal 
(spursiein) is (inducted in' a reverberatory furnace. As it is 
important that “ moss copper ” {v.g.) should not separate, some 
unroasted coarse metal is added to the charge to keep the copper 
as sulphide. The fine metal contains 74 to 75 per cent, of Cu 
^Afid 0’3 per cent, of Ag. The next process has fpr its object 
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the uom^iiete oxidation of the copper, and, concomitantly, tlie 
conversion of silver into sulphate. This is carried out (in Zicr- 
vogel’s process) by roasting the ground fine metal in a rever¬ 
beratory furna(!e, and can only be effected by due attention 
to the conditions of oxidation ; these will be dealt with more 


particularly under Silver. The silver sulphate is leached out, 
precipitated by copper and worked up. The re,sidual copper 
oxide is dried, mixed with small coal, reduced in a reverberatory 
furnace, and refined in the usual way. 1'hc method described 
for the recovery of silver is now seldom used, the “ .sjuirstein ” 
being tfun ijiroctlv for coarse copper. 

WET PROCESSES OF COPPER EXTRACTION. hen ores 
confaiining copper .sulphide, arc exposed to air in a moist (a)n- 
ditioii, the sulphide is oxidised to sulphate and may be leached 
out wdth water. The methods depending on the ap|)lication of 
this, and like principles, are available for ores containing about 
3 per cent. Cu, which are too poor to smelt prolitably. In ciu'tain 
copper-bearing strata this extraction takes placd naturally, 
yielding a solution of copper sulphate, the “ blue-water ” of 
some copper mines. The same process is put in use artilicially 
by spreading the ore in heaps, provided with trcnchc.s to act 
as drains, and frequently watering it during many months. 
Owing to the slow oxidation of large masses of ore in this way, 
a considerable quantity of heat is generated ; the temperature is 
best kept a.s 38"^ C. = 100" F. by regulating the water .supply, 
for the production of steam w’ould exclude air. On the other 
hand, too low a temperature unduly retards the proces.s. The 
oxidation proceeds mainly at the expense of the copper sulphide, 
and when this is nearly exhausted (e.g., to 0’25 per (^ent. (hi) 
the ore is still serviceable as a sulphur ore (for vitriol making). 
The soihtion of copper sulphate, whether obtained naturally or 
artificially, i.s run into asphalted tanks filled with iron pigs, by 
means of which the copper is precipitated ; the crude product 
(containing 66 per cent, of Cu, the balance being chiefly graphite 
and rust) is sent into the market as “ cement copper.” The 
presence of much ferric .sulphate (from the iron sulphide of the 
ore) in the liquors frequently causes the consumption of three 
times as much iron as is necessary to precinitate the copper, 
the difference being due to the reduction «f ferric to ferrous 


sulphate. , It is advantageous, as far as economy of pig or scrap 
, iron is concerned, to roast the ortc before extraction, as the 
amount of ferric sulphate in the liquor is thus decreased and 
the amount of pig iron consumed by it cWrespondingly diminished. 

Large quantities of pyrites containing about 3 per cent. Cu 
are burnt for vitriol making, and the re.sidue (chiefly ferric oxid^f^ 
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worked up lor copper. This is generally dona by grinding the 
.spent pyrites with eomnion salt and calcining the mixture in a 
muffle furnace (the Henderson process). T’he sulphur left in the 
ore by the vitriol maker is oxidised, copper sulphate being formed., 
Tliis rt'aets with the salt, yielding eui)ric chloride and sodium 
sulphate. The *’ chloriuat(‘d ” ore is leacheil out wi^h the 
li<|Uors (containing HCI) that have been condensed in the towers 
attached to the furnaci! Hues, and the copper is precipitated 
by iron in the usual way, any silver present being previously' 
precipitated by means of .sodiutu or zinc iodide. Th(i silver i.s 
recovered by reducing the precipitated iodide with hydrochloric 
acid and granulated zinc and refining the mjital thus formed. 
The spent ore, “ purple ore,” is used for the fettling of puddling 
furnaces. A similar chlorinating roasting is carried out in heaps 
at the mines when the sulphur is not utilised. 

A simpler process for the separation of silver is by means of 
iron. The clear liquor is agitated by means of steam in a tank 
containing Abme thin sheet iron. A small portion of the copper 
together w'ith all the silver and gold is precipitated by the iron. 
This copper precipitate is afterwards electrolytically refined and 
the precious metals recovered from the sludge, as described in 
a later section. Gibbs’ process consists in passing a small quantity 
of sulphuretted hydrogen through the liquor when all the silver 
is precipitated with the first portions of the copper, the precipi¬ 
tate often assaying 200 ozs. per ton. 

Another method of di.ssolving copper from its sulpiride ores (the 
Doetsch process used at the Rio Tinto mines) depends on the fact 
that when a cupriferous pyrites is treated with a solution of a 
ferric salt— e.g., Fe^Cl„—the cuprous sulphide reduces the ferric 
chloride with the formation of cuprous chloride and free sulphur, 

Cic,S + FeX’l,, 2Kea, |- Cu CL + 8. 

A portion of the cuprous chloride is oxidised by the air to cupric 
chloride. In practice, ferric chloride is not used, but a mixture 
of ferric sulphate and salt (potentially ferric chloride), such as 
results by adding salt to liquors from the precipitating tanks, 
or by leaching the chlorinated ore that has been roasted in heaps 
in the manner described in the preceding paragraph. The excess 
of salt serves to disf.olve the cuprous chloride. The precipitation 
of the copper is ieffected as usual. The ferrous chlorid,p is recon¬ 
verted into ferric chloride b'/ letting it fall down a tower up which' 
a current of chlorine is passed, the latter being obtained by 
heating a mixture of salt, 'ferrous and ferric sulphates in a rever¬ 
beratory furnace. 

“toa'^O'.'dised copper ores, of course, do not need any preliminary 
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roasting,'and are treated directly with any convenient acid 
liquor, the copper being precipitated from the solution by scrap 
iron in the usual way. 

Another extraction process is that of Hunt and Dougla.s, which 
depends on the action of ferrous chloride on copper oxide. Sul¬ 
phide ^res must, therefore, be first roasted if they arc to be 
treated by this process. 

SCiiO + 2FoClj = Cu.jCb f CiiCf; -f Fe.jO;,. 

If cuprous oxide is pre.sent metallic copper is precipitated. 

* .SCu.O -h 2FeCl; =- 2Cu + 2Cu..Cl, -f- Fc/t,. 

The leaching agent is made from a mixture of ferrous sulphate 
and common salt, an excess of the latter being used to dissolve 
the cuprous chloride formed. The copper is precipitated from 
the solution by means of iron. The amount of salt and iron 
used is less than with the Henderson process. The objections of 
the process are the formation of basic salts, the Biffieulty of 
filtering the residue, and of recovering any silver present. These 
objections have led to a new Hunt and Douglas process, in which 
the ore is dissolved in sulphuric acid, and ferrous chloride or 
calcium chloride added to convert the copper into cupric chloride, 
sulphur dioxide being then forced through the liquor to precipi¬ 
tate cuprous chloride. 

CuCt, + OuSO,, -I- SO., + 2H2<) = Cu.,a> 1- 2H.SO,. 

The cuprous chloride is separated and treated with iron to pre¬ 
cipitate copper or with milk of lime to form cuprous oxide, which 
is afterwards smelted with carbon for the production of metallic 
copper. The solution from the cuprous chloride precipitate is 
freed tftm SOj by blowing in hot air, and is then available for 
dissolving a further quantity of ore. 

THE ELECTROLYTIC WINNING AND REFINING OF 
COPPER. —As stated above, cement copper is a crude, product 
containing 60 to 80 per cent. Cu, the remainder being impurities 
(graphite and rust) from the iron. By using electrical energy 
instead of the chemical energy of iron to reduce the copper, 
a pure metal can be obtained at a single operation ; this is rend¬ 
ered possible because of the greater ease wUh which copper is 
deposited Irom an acid solution than is the chief impurity present 
—^viz., iron—a fact which is borne odt by the capability of iron 
to replace copper in its salts, as in tl^e production of cement 
copper. An ideal process would b|i A) win pure copper direct 
from the ore by using the ore as an anode (the electrode at which 
oxygen is evolved if tlfe anode be non-oxidisable, or utilisffl! 
. t * *17 • 



258 


METALLURGY. 


in oxidising and dissolving the anode, in the contrary €ase), and 
thus bringing the copper into solution, to be deposited again 
as metal, free from the other constituents of the ore, on the 
cathode. The difficulty of completely extracting the crude ore, 
by reason of the obstruction caused by the insoluble gangue 
and other constituents, renders this process impraeiicable. 
Even when the ore is first smelted to a matte (e.jf., coarse metal), 
and used as an anode, the same difficulty arises. At Mansfeldt, 
however, a process known as the Gunther-Francke proces.s is 
now being worked with more or less success, in which anodes 
of 75 per cent, matte are used. The cathodes are >'ihin icoppet 
plates, and the electrolyte is kept in constant circulation at a 
temperature of 70° C. Iron, nickel, and cobalt go into solution, 
and an “ anode sludge ” collects at the bottom of the vats. 
Sulphur is extracted from this mud by means of hot acetylene 
tetrachloride, and silver is recovered by means of sulphuric acid. 
At present two classes of process are chiefly employed in treating 
copper electrolytically, viz. ;—(1) extraction of the ore as in a 
wet process, followed by the electrolysis of the cupriferous liquor ; 
and (2) refining of crude copper of the grade of blister metal oi 
black copper. 

1. Extraction and Electro-deposition. —A typical process foi 
winning copper from the ore electrolytically is that of Siemens 
and Halske. In this an ore containing copper as sulphide is 
first partially roasted to oxidise any sulphide of iron to ferric 
oxide, and then leached with an acid solution of ferric sulphate 
obtained at a later stage of the process ; 

Cu.,S + 2Fe,(S04)s = 2 CUSO 4 + 4FeS04 S. 

Any copper oxide forined by roasting is also dissolved as sulphate. 
The liquor, containing copper sulphate and ferrous sulphate, is 
circulated first through the cathode compartments of a series oi 
electrolytic tanks, and then through the anode compartments, 
In the former the copper is deposited on thin copper cathodes, 
and in the latter the ferrous sulphate, coming from the cathode 
compartments, is oxidised to ferric sulphate as it passe^ the 
anodes, which are of carbon. The solution of ferric sulphate is 
then used as de^ribed above for extracting the ore, the process 
thus being contittuous. The cells are divided into anode anc 
cathode compartments by porous diaphragms, whicJi keep tin 
liquor at the anode separate from that at the cathode, and pre 
vent the ferrous sulphatj being oxidised at the anode to ferric 
sulphate and reduced agaip at the cathode. In this way the 
liquor is returned to the leaching vats with its iron in the ferric 
condition. The cell^ are arranged one below the.^ other, and i 
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constiint flow of solution maintained. The difficulties experienced 
in obtiiining suitable permanent anodes and diaphragms have 
led to .several modifications of the Siemens-Halske process. In 
these the arrangement of electrodes and diaphragm has been hori¬ 
zontal instead of vertical, and the diaphragm has served not only 
as a separating membrane, but as a slow filter. Anodes of 
retort carbon or lead are used, while the cathodes may be copper 
•sheets supported on wooden framework, or cylinders placed in 
the solution and kept in slow rotation. 

In Hoepfner’s process a solution of (uiprio chloride and sodium 
chloride is ifted in extracting the ore, by which means a solution 
of cuprous chlorid% in sodium chloride, is obtained. Half of this 
■ passes to the cathode compartments, and half to the anode com¬ 
partments. In the former copper is deposited, and in the latter 
cuprous chloride is converted into cupric chloride by the chlorine 
equivalent to the copper deposited upon the cathode. The cupric 
chloride solution is used to extract more ore, diluted .with spent 
liquor (containing only sodium chloride) from the cathode com¬ 
partment) again divided into two parts, and the cycfle of operations 
repeated. The cuprous sulphide in the ore is extracted according 
to the equation— 

Cu,S -t- 2Cuaj ^ 2Ca,Cl, -|- «.* 

If, in leaching copper ores for an electrolytic process, the 
<!opper can be obtained in the cuprous state—that is, already 
on its way to reduction to metal—a sensible advantage accrues, 
as the current necessary for its complete reduction is corre¬ 
spondingly diminished. A subsidiary advantage claimed for the 
process is that cupric chloride is a solvent for silver contained in 
the ore ; thus— . 

Ag,S + 2CuCb = Cu.,Cb + 2Aga + K. 

The resulting silver chloride is fairly soluble in the solution of 
cuprous chloride in sodium chloride, and from the solution silver 
can be precipitated by well-known means— e.g., treatment with 
metallic copper. 

'A process for obtaining copper from its ores electrolytically 
has been described by Keith. The ore is roast^ and extracted 
with sulphuric acid. The solution is passed through a series of 
vats, in which it is electrolysed, and as the liqucJr is robbed of 
its coppe^ on its passage, so is the tmrrent density decreased, 
not by diminishing the amperage of each, vat, but by increasing 
the surface of the electro(Jes.* ^ * 

* This equation has been (disputed, but has since been experimentaUj^ 
verified. 
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None of the above processes can be considered commercially 
successful, but are described as illustrating the principles on which 
processes of this kind are based. 

2. Electrolytic Refining.— The refining of copper by electro¬ 
lysis is a simpler matter than its winning by this means, and is 
more largely practised. The metal is obtained, by dry pirscesses. 
as black or blister copper (containing 1)7 to 1)8 per cent. (,'u). and 
cast into plates which are used as anodes in a bath of copp(‘v; 
sulphate acid with sulphuric acid. In general it is not remuner¬ 
ative to refine very crude metal, owing to the rapid deterioration 
of the electrolyte. The latter usually contain.s 1J*'lbs.'copper 
sulphate crystals and J lb. sulphuric acid per gallon. The metal 
is dissolved by the action of the current, and d(“posited on the 
cathodes, which are thin sheets of pure copper. As the ])roc.ess 
consists solely in the transference of copper, and not in its tnn' 
reduction, the only consumption of electrical energy is in over¬ 
coming the resistance of the bath. On this account a prcssuri- 
of 0‘1 to 0'2 volt suffices, although higher pressures varying from 
0'3 to ()‘6 volt arc often used. A current density of about 10 
amperes per square foot is generally used, as when the work 
is done at a higher rate, irregular deposition and spongy copper 
result. In some refineries, however, current densities up to 
10 amperes per square foot arc employed. Heyond this i>oint 
special arrangements arc ncces.sary for circulating the electrolyte 
very rapidly. Electrolysis is usually carried out in the cold,, 
but occasionally the electrolyte is kept warm, the tetn[)cratnre 
being sometimes as high as 50“ C. Some of the impurities ir. 
the crude copper—iron—go into solution as sulphates and 
gradually contaminate the electrolyte, until it has to be purified 
or renewed. Others— e.g., gold, silver, and lead—remain as an 
insoluble sludge, from which the valuable constituents can be 
r(!covered. Tlie composition of the sludge will cvidcmtly vary 
with that of the crud(! copper. An ordinary sample rich in silver 
will contain about 30 per cent. Cu (])artly as oxide, antimoniatc, 
sulphide, etc.), 30 per cent. Ag, and 30 per cent. PbSO,, oxides 
of antimony and tin and the various small impurities, .such as 
bismuth, sulphur, selenium, tellurium, atid gold. A variation in 
working arrangements, at one time much practised in America 
(the Hayden process), consists in directly connecting only the 
end plates of a series with the dynamo used for yielding the 
current, and allowing the intermediate plates to hang ^ree in the 
bath, one side of each acting as anode and the other as cathode, 
in regular order, according 'to the drop of voltage of the current 
,rJ(rom anode to cathode. This device saves numerous connections 
apd allovys of the complete immersion of the plates. ■ The ultimate 
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sSect is *the conversion of each plate of cnide metal, by 
ontinual deposition of pure metal on one side (functioning as 
;athode), and removal of crude metal from the other (functioning 
IS anode), into a plate of pure metah The irregularity of the 
iction is the chief difficulty of the process. 

Varijus methods have been devised for depositing copper in 
he form in which it is to be subsequently used. One of these 
s that devised by Elmore. In this process the cathode is a roller 
)f metal, or wood coated with plumbago so as to be conductive. 
This roller revolves on bearings which also serve to convey the 
:urrent to it. As the copper is deposited it is smoothed down 
i,nd compressed by means of a heavy burnisher, which travels 
lackwards and lorwards over the surface of the roller. The 
!opper tubes are afterwards stripped from the rollers, and are 
•egular in shape and in structure. For the manufacture of wire 
i tube nqade in this wa}^ is cut spirally from end to end into a 
itrip of square section capable of being drawn down into wire 
n the usual wa)'. In the Cowper-Coles process cd^per is de- 
losited in a smooth continuous sheet, so that it can be used at 
)nce without fusing or reworking. It consists in depositing the 
netal on a cathode rotating with a peripheral speed of 1,000 feet 
)er minute in a hot solution of copper sulphate fairly concentrated 
md rapidly circulated. Under these conditions a current density 
200 amperes per square foot) far greater than that ordinarily 
ised can be employed. 

The following is a typical analysis of electrolytic copper :— 


Cu.90'97 

As, .nil 

Sb.. • tiacc 

Pb, ..trace 

o Bi, . ' . . • . ■ • trace 

Fe,.0-01 

Ni,.trace 

0,.0-02 


100-00 


For the recovery of silver and gold from the anode sludge, the 
atter is washed and dried, sifted from fragments of copper, and 
mpelled with lead in the usual way, the sil^ef and gold being 
eft and p^ted by boiling with sulphuric acid oroby electrolysis. 
:)irect treatment of thq sludge with boiling sulphuric acid is also 
practicable, the silver being converted into silver sulphate and 
dissolved by dilution with*hot water,* the silver solution being 
decanted from the lead’sulphate and the silver precipitated'with 
copper. The lead sulphRte containing the gold can be reduc«A 
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by fusion with charcoal to an inj'ot of auriferous lead, which can 
then be cupelled, leaving the gold fairly pure. In the Moebius 
process the mud is melted and cast into anodes, from which the 
copper is largely removed by passing a current of low voltage 
in an electrolyte of copper nitrate. The silver and gold in the 
residue are then separated electrolytically. ^ 

USES OF COPPER. —The utility of this metal largely depends 
on its malleability and ductility, and it is on account of these^ 
properties, as well as on account of its fairly high tenacity and 
resistance to corrosion, that copper is used for tubes, fire-boxes, 
wire, and cooking vessels. Its resistance to corrosion iby chemical 
dyestuffs, and the ease with which it can be gngraved, make it 
peculiarly adapted for use as rollers for calico printers. Its high 
electrical conductivity adapts it for the construction of electric 
leads. It finds an extensive use in making alloys {see below). 
Its specific gravity is 8'9 ; it melts at 1,084° C. = 1,983° F- 

INFLUENCE OF IMPURITIES ON COPPER.— On account 
of the existence of two distinct methods of refining copper— 
viz., the dry way and the electrolytic process—copper com¬ 
mercially employed may be divided into two classes—(1) that 
which contains a small, but still perfectly perceptible, amount of 
impurity, and (2) that which is almost chemically pure. The 
most characteristic impurity of the former is oxygen, which is 
intentionally left in the metal by stopping the poling process 
before complete reduction has been eSected. Seeing that pure 
electrolytic copper, though somewhat soft, has a high tensile 
strength (up to 20 tons per square inch), is very ductile, and 
altogether reliable as a material of construction, the presence of 
oxygen in pure copper is not necessary to improve it. On the 
other hand, copper prepared by the dry process, and free from 
oxygen, is deteriorated in these same properties by amounts of 
foreign matter that are of little moment when a suitable 
quantity of oxygen is also present. Hampe has examined the 
effect of the addition of known quantities of such foreign elements 
as are found in copper prepared in the dry way, to pure electro-, 
lytic copper, and has found that the tensile strength and ductility 
are not appreciably impaired by arsenic and antimony up to 
1 per cent. According to Koberts-Austen, bismuth, even O'l per 
cent., causes the clipper containing it to be of low tensile strength 
and brittle, while as little as 0-02 per cent, make^ the metal 
distinctly red short. 

It is generally conceded that sulphur, bismuth, lead, and 
possibly iron have an Injurious effect upon the mechanical 
properties of commercial copper. The same appears true of 
Sititimony but not of arsenic. Nickel, which is constantly present 
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in comnJfercial copper, seems to liave a hardeniii)' influence, but 
is not otherwise objectionable. It may be taken tliat when 
any of these harmful impurities in its elementary state is present 
in copper, its effect is more serious than when sufticient oxygen 
is present to retain the .said impurity as an oxide. For this 
reason an impure copper poled to tough pitch will contain more 
oxygen (needed to counteract the effect of the impurities) than 
an approximately pure copper of the same mechanical properties 
will contain. Where copper has to withstand heavy wear, as 
in locomotive fire-boxes, a pure soft metal is possibly less ad- 
vantageou# than one somewhat harder from the presence of such 
impurities as ar^nic and nickel. 

For use as an electrical conductor, on the other hand, electro¬ 
lytic copper is employed, as its conductivity is equal to, or 
exceeds, Matthiessen’s standard taken as 100,* whereas copper 
made b^, dry processes has a conductivity ranging from 90 down 
to 50, on the same scale. The greatest effect in lowering the 
conductivity is that due to arsenic, O'l per cent, of which may 
lower it to 50 ; tin is similarly deleterious. Aluminium, although 
it should never be present, affects the conductivity almost as 
much as arsenic. Phosphorus also greatly reduces the conduc¬ 
tivity, and has been added to allow the copper to be readily cast. 

COPPER ALLOYS. —Considerable confusion exists in the 
classification of copper alloys, the terms brass and bronze being 
used indiscriminately by many manufacturers. They are best 
considered perhaps under three heads :— 

(1) Bra.sses, consisting mainly of copper and zinc. 

(2) Bronzes, consisting mainly of copper and tin. 

(3) Miscellaneous alloys. 

(1) Brasses. —Alloys of copper and zinc, ranging from 88 per 
cent. Cu and 12 per cent. Zn to 50 per cent. Cu and 50 per cent. 
Zn, may be classed as brass ; alloys of industrial value may be 
said to lie within the limits of 55 to 73 per cent. Cu. The avail¬ 
able evidence points to the existence of a definite compound of 
copper and zinc represented by the formula CuZn.„ whilst two 
other compounds possibly exist having the formulae CuZn and 
CuZiij. Brasses may be classified as (/i)'high brasses containing 
more than 64 per cent. Cu. These alloys po^rfbss a simple struc¬ 
ture, con^sting of a single homogeneous .solid solution, and can 
be rolled cold. The best cla-s.-. contains 70 per cent. Cu and 30 per 
cent. Zn; (h) low brasses containing frpm 56 to 64 per cent. Cu. 
These alloys are com^os^ of two censtituents, each of which 

* Based on the conductivity of the purest '<ilver available at the time of 
the preparation of the stanftard. 
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is a solid solution, and are suitable for hot rolling, 'the com¬ 
monest alloy of this class is known as Muntz metal, and contains 
60 per cent. Cu and 40 per cent. Zn. The above is, of course, 
only a general classifi<'atioj’,, there being no sharp limit between 
the"two classes, (c) Cast brass varies considerably in composition 
and is usually very impure. It generally contains am^roxi- 
mately 66 per cent. Cu and 34 per cent. Zn, and is known as 
English standard brass. It casts well, and is capable of being ^ 
hammered and rolled. Brass is generally made by direct fusion 
of the metals in cmciblcs, for which a reverberatory furnace may 
be .substituted when large quantities are, rc(iuired; ir>the latter 
case, however, the loss of zinc by volatilisation is very high. 
The ingots of copper are made red hot, then melted in crucibles, 
usually under a layer of charcoal to prevent oxidation, and the 
zinc then added. It is advantageous to first melt some scra]> 
brass in the crucible, together with a little fluor spar pr other 
flux, the copper being then added. A slight surplus of zinc is 
needed, both to combine with any oxygen in the copper and to 
compensate for loss by volatilisation. Lead, tin, and iron are 
sometimes intentionally added to brass for specific purposes, 
whilst arsenic, antimony, and bismuth arc sometimes uninten¬ 
tionally present. Lead dons not alloy with brass, but separates 
out in the form of films between the crystals of the brass, and 
thus tends to weaken the metal. High grade brass should not 
contain more than 0-30 per cent. Pb, or its ductility is impaired. 
The addition of 1 to 2 per cent, of lead is sometimes practised 
in making brass castings, which have afterwards to be turned. 
In this case tin should not be present, as it imparts hardness and 
strength. Tin is sometimes added to brass to render it less 
liable to corrosion by sea water when in contact with gun-metal. 
Such “ naval brasses ” contain approximately 62 per cent, (-‘u, 
37 per cent. Zn, and 1 per cent. Sn. If more than 1 per cent, 
of tin is added the alloy becomes unduly hard and brittle. Iron 
is occasionally added to brass to impart hardness and strength. 

“ Aich’s metal ” contains 60 per cent. Cu, 38 per cent. Zn, and 
1-5 to 2 per cent. Fe. "‘Delta metal” is a ferruginous brass 
containing 56 per cent. Cu, 43 per cent. Zn, 1 per cent. Fe, and 
traces of lead and phosphorus. It is harder, stronger, and tougher 
than brass, and has a greater resistance to corrosion. “ Bull 
metal,” and the German “ Durana metal,” are similar alloys. 

(2) Bronzes are copper-tin alloys varying from the material used 
in this country for bronze coinage (Cu 95 per cent., >Sn 4 per 
cent., Zn 1 per cent.) to alloys containlhg as much as 26 per cent. 
Sn. The definite copper-tin ?ompounds present in bronzes have 
be ;n found to have the formulas Cu^Sn and Cu^Sn. “ Gun-metal ” 
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usually (Sjntains from 8 to 14 per cent. Sn, and consists of a solid 
solution of tin in copper containing a certain amount of the 
definite compound Ou^Sn. Gun-metal used for the manufacture 
of ordnance had originally the composition 91 per cent. Cu and 

9 per cent. Sn, but since guns arc no longer made of bronze the 
composition of industrial gun-metal exhibits considerable varia¬ 
tion ; thus, 87'5 per cent. Cu to 12-6 per cent. Sn is a common 
proportion. “ Bdl metal ” contains from 15 to 26 per cent, 
tin and the remainder copper, large bells containing the largest 
amounts of tin. When strength and elasticity are required bronze 
shoukl be^s free as possible from lead, zinc', and iron. Lead, 
however, is sometimes added to bronze to enable it to be more 
easily turned or Tiled. The effect of lead on bronze is the same 
as on brass (q.v.). Zinc in small quantities has a very beneficial 
effect on bronze, combining with any oxygen present and giving 
good castings. Alloys with 16 to 18 per cent. Sn, 80 per cent. Cu, 
and 2 to 4 per cent. Zn and Pb are generally used for strong 
castings and bearings. Iron is sometimes added to bronze to 
impart hardness and tenacity. The effect of heat on some of 
the copper-tin alloys is remarkable, for whilst steel is hardened by 
quenching in water these alloys are hardened by slow cooling, and 
when quenched they lose their brittleness and become malleable. 

Phosphor-bronzes, properly so-called, contain from traces up 
to 2 per cent, phosphorus, those most commonly employed 
containing from 0'5 to 1‘5 per cent, and 8 to 12 per cent. tin. 
Their hardriess varies with the amount of phosphorus, and is 
due to the presence of very hard particles of free phosphide of 
copper embedded in a softer matrix. They are well suited 
for the wearing parts of machinery. Phosphor-bronzes con¬ 
taining lead are used for bearing metals, an example of which 
is I)u(Mey’s “ standard ” phosphor-bronze containing Cu 79‘6, 
Sn 10, Pb 9'6, P 0‘8 per cent. Such an alloy consists of a sponge 
or skeleton of gun-metal having its interstices filled with lead. 
The term phosphor-bronze is also often applied to those alloys 
which are practically free from phosphorus, but in the manufacture 
of which this element has been used in an amount only just 
sufficient to act as a deoxidiser. The superiority of such alloys 
over ordinary bronzes is quite niarkei, aifd is due to the removal 
of dissolved o.xides (as slag), in consequence Ijf which they are 
more flui^ and give castings, free from pinholes. The absence 
of dissolved oxides also renders these alloys more resistant to 
corrosion. Phosphorus is usually added to bronze in the form 
of phosphor-copper or phiSsphor-tin, both of which contain from 

10 to 16 per cent. P. The former ft, in fact, a definite phosphide 
of copper, CujP. 
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(3) Miscellaneous Alloys. —The so-called manganese bhnzes are 
not really bronzes, as they seldom contain tin as an essential 
constituent. With 4 to 6 per cent. Mn these alloys retain their 
strength at high temperatures, and are used as fire-box stays. 
The majority of commercial “ manganese bronzes'” coTitain 
copper and zinc as their principal constituents, and are. n^ally 
brasses. They invariably contain iroji in addition to the man¬ 
ganese. On account of their re.iistancc to corrosion by sea 
water, mangane.se bronzes are used tor ships’ propellers, lluch 

manganese bronze ” is free from manganese, this (dement having 
disappeared as slag after having served its purpose ‘'s a deoxi- 
diser. leaving behind, however, the iron with which it was associ¬ 
ated. Manganese bronzes to which aluminium has been added 
have recently been introduced under the name of “ Immadium ” 
alloys. I’hey arc very strong and tough, and remarkably resist¬ 
ant to the action of corrosive li()uids. ” Aluminiuyn bronze ” 
is likewise free from tin. The term is applied to alloys of copper 
and aluniini.irn containing from 2 to 10 per cent, of tin; latter. 
They contain a definite compound CuAl.^, while a compound 
CujAl also exists. Small percentages of nickel or silicon arc 
sometimes added. These alloys can be emi)loyed for many 
purposes in phux' of brass, being readily forged and rolled, and 
drawn cold. ” Aluminium brass ” is ordinary bra.ss containin'j: 
less than 4 ])er cent, aluminium. 

" I'upro-silicon” containing 30 per eent. silicon and cujiro- 
magnesium ” are used as deoxidisers in the manufacture of copper 
alloys. 

(See also p. 22 ; for copper-nickel alloys see under Nickel.”) 


LKAD. 

It is doubtful whether lead ever occurs native. The following 
are the chief ores of the metal:— 

Galena (lead sulphide, PbS).-—This is the most abundant and 
almost tlie only important ore of lead. Pure specimens of this 
mineral consist of cubical crystals which have a metallic lustre 
and a specific gravity of T'o. Galena may be associated with 
silver sulphide witl',out undergoing change of form. The pre¬ 
sence of a very small quantity of silver— e.g., O'l to C'2. per cent. 
—constitutes the ore an argentiferous galena, but, as will^ be seen 
later, even smaller percentages may be remuneratively extracted. 
Galena frequently also contains gold. * 

Antimony is a common impurity of the‘ mineral. The gangue 
in- 'vhich galena is found is usually quarilz, calcite, fluor spar or 
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heavy ^ar. Ores of copper and zinc often accompanv fjnlcna. 
Ihe principal load mines of tliis country arc those of Alston 
Moor, in the North of Enirland, and of Dcrbysliiic. The Scotcli 
and Welsh mines are also of importijnce. The largest supply of 
lead is. however, obtained from America, both from the United 
Statcj and Canada. 'I'lie (iernian defiosits in the Harz and those 
of bpain and Australia are also coiisidi'rable. Lead is, indeed, 
widely distributed throughout the world. 

Cerussite (lead carbonati', Pb(X).,) is extimsivelv worked at 
Leadville, Colorado, where it is associated with galena. It 
oecuRS bqth amorphous and crystalline, and in the latter con¬ 
dition is sometimes black from the presence of lead sulphide. 

Anglesite (lead sulphate, PbSO^).—Originally found in Angle- 
sea, whence its name. It is not abundant, though deposits 
occur in this country, Australia, and Peru. The mineral is often 
rich in silver, containing 30 to 1(X) ozs. of silver to the ton. 

'Many other lead compounds, such as the double chloride and 
carbonate, PbCl,. PbCO- {phosgeniic), the chromate (crocoUe), 
and the double chloride and phosphate (pyronmrphile) are also 
found, but their comparatively small quantity renders them of 
little industrial importance. 

It is usually found that the oxidised ores of lead— e.g., lead 
oxide, carbonate, and sulphate—occur in the superficial lodes 
lying above those carrying galena. The same is true of zinc and 
copper ores,_the cause of tlie. phenomenon being the weathering 
of the original sulphides. 

Preparation of Lead Ores for Smelting. —The substances con¬ 
stituting the gangue of the galena must be removed as far as 
possible before the ore is smelted, both because they occasion a 
loss of lead as fume and slag (dealt with in the de.scription of the 
smeltihg of the ore— vA.), and because the metals contained in 
them find their way into the finished lead. The main fact on 
which the concentration of lead ores is based, is that the galena 
has a higher specific gravity than the gangue. The ease with 
which the various constituents are separated depends, pari passv, 
on the difference of their specific gravity (galena 7'5, heavy spar 
4’5, copper pyrites 4'3, blende 4'1, quartz 2'6). Mechanical 
separation resting on difference df specific gravity can only 
be applied when the gangue is intermixed ^vith, but not dis- 
seminate^l through the galena, as the lattei; condition would 
necessitete reduction to a very fine state of division. The 
process of concentration is carried out by roughly crushing 
the ore and washing in a'stream of water, the specifically lighter 
gangue being thus removed. TV hen, however, argentiferous 
galena, containing it# silver distributed through the gajjgue 
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instead of being in combination with the galena, is 'fvorked, 
concentration may cause serious loss of the more costly metal. 
Magnetic separators for removing iron pyrites have come into 
use in recent years. Oxidised ores are usually smelted without 
preliminary treatment. 

The methods in use for smelting galena may be divided accord¬ 
ing to the reactions on which they depend. 

1. Partial Roasting and Self-Reduction.— Tins is .similar to 
that already described under copper ((/.r.). When lead .sulphide 
is roasted, it is partly converted into oxide with elimination 
of SO.j, and is partly directly oxidised into lead sulphate. sBoth 
oxide and sulphate are capable of reacting with lead .sulphide 
(left when the roasting is incomplete) in the following manner :— 

I>I).S -I- I’bSO^ 2Pb I- iSO... 

I’bS 21>b(» . ;tPb + .SO,,.' 

These are the main reactions, but other chemical changes may 
take place varying with the prevailing conditions. In presence 
of an excess of sulphur dioxide lead may bo reconverted jiartially 
into sulphide and snl])hate, 

21>b !- 2S().. -.i^l’bS -f I'bSOj. 

2. Complete Roasting and Reduction by Carbon. —'I’his process 
consists in roasting galena until the bulk of the lead is converted 
into oxide, though some passes into sulphate, and reducing it 
in cupolas or blast furnaces with carbon. The complete reduc¬ 
tion of lead silicates that may be formed by the acition of the lead 
oxide upon the siliceous gangue, is aided by the presence of 
iron ores naturallv associated with the lead ores which are smelted 
in this manner. The action of the iron ore is probably due to 
the tendeiicv of oxide of iron to form silicates, and thus, m the 
presence of carbon, to liberate lead from its silicates. 

3. Reduction by Iron (“ rrccipitntion Process ”).—In this 
process the sulphur of the galena is removed as iron sulphide, 
the lead being directly obtained in the metallic state. 

The various methods thus <;atalogued may be dealt with as 
follows;— 

1. Self-Reduction. —The first of the above methods is that 
generally employed'in this country, and is typified by the Flint¬ 
shire process. T'his is always conducted in a reverberatory 
furnace, shown in Fig. 35. It differs from ordinary furnaces of 
this kind in that the hearth is made from slag produced during 
the smelting, shaped into a''depression or well, B, in the centre, 
't’he shaping is performed while the slag is hot and plastic, and 
thei'.Vtjui jg retained during the succeeding-operation. The flame 



SiELF-RElIVCTlON'. 


269 


from tffe heartli of the furnace, F, passes over tlie fire-bridge, 
and is deflected on to the charge, which is introduced through 
the hopper, T, and is worked through the side doors, o. 

About a ton of ore is charged into the hot furnace and im¬ 
mediately spread over the hearth and stirred, while the air 
supplj' is carefully regulated until the charge has become pasty. 
During this part of the process the oxidation of a poi tion of the 
galena to lead oxide and sulphate takes place. Air is then 
excluded from the furnace, and the temperature is maintained 
at redness in order that the reaction of the sulphide with the 
oxid<f ami sulphate respectively may proceed. The charge runs 
down into the ^ell, where the lead collects at the bottom. The 
undecomposed ore and slag are chilled by opening the furnace 
doors, and, when semi-solid, pushed back on to the higher part 
of the hearth near the liie-bridge. The tem])erature is again 



Pig. 3.a.—Furnace for smelting galena. 

F, Heartli; T, hopper; o, side doors ; P, stoking door. 


raised until the charge runs down a second time, a fresh quantity 
of lead being reduced. The slag must now be rendered le.ss 
fusible— i.e., it must be “ dried up ” by throwing lime into the 
furnace. It is then suflicientl}' pasty to be again pushed back 
on to the higher part of the hearth, whSre it may now be again 
calcined. A third fusion follows, and should over-oxidation 
have occurred, a little coal is*added to the charge as a corrective. 
The chitrge is now ready for withdrawal, save that there is lead 
disseminated through th^slag. To recover this, another portion 
of lime is thrown in, ,and the pasty product pushed back on to 
the upper part of the hearth to Srain. The crude lead is now 
run fromihe well infl6 a tapping pot. ^Much dross collect* on 
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the surface of the molten metal in tlie ])ot, and before removing 
this, the entrapped lead must be shaken out of it by agitation 
with a paddle and the introduction of small coal, the gases from 
which are ignited, the heat thus generated melting the meUl 
in the dross. ' The lead is then ladled into pigs. Working with 
an ore containing 75 to 80 per cent, of lead a yiidd of 65 to JO per 
cent, of lead is obtained, tlie balaia e binng recoveretl by working 
up the slag and fume. 

Tin? first portion of lead obtained is jrurer than that subse¬ 
quently redina'.d, and is somctime.s tapped separately. The inirity 
of the lead depends largely on the nature of the othrr mi tallic 
sulphides associated with the galena, whieh, in general, undergo 
reactions similar to those, of lead sulphide itself. Silver and gold 
pa.ss into the lead, while arsenic, antimony, zinc, etc., are partially 
reduced, and ai)pea.r in the lead, and'partially become associated 
with the .slag, the remainder being volatilised. Antimony sul¬ 
phide is a very objectionable impurity in the ore ; Hrstly, because 
antimony niiSkes lead hard, and secondly, because the o.xidc and 
sulphide being very volatile carry away both silver and lead in 
the fume. A good deal of lead o.xidc is volatilised during the 
above operations, and this, together with other volatile impurities, 
such as zinc, arsenic, and antimony o.xide, constitutes flue-dust.* 
The quantity of such dust is greater the greater the (juantity of 
volatile impurities, whitdi carry over less volatile constituents 
of the charge. Lead fume is condensed by using very long 
flues (sometimes more than a mile in length). More complete 
condensation is effected by arrangements for lowering the velocity 
of the c.xit gases by first passing them tlirough large chambers, 
and also by increiising the condensing surface either by means of 
baffle plates (Freudeuberg plates) or by breaking uj) the main 
flue at intervals into a large number of smaller flues (Oowper 
dues). The Hue length can be diminished by the use of various 
condensers?, in which the fume is either pumped through water 
or submitted to the action of a water spray. Filtration through 
woollen or cotton bags has been found effective, and in some; 
cases the product is suitable for use as a white paint. Attempts 
at electric condcn.ssition have so far not proved generally success¬ 
ful ; the most promisifig is the Cottrell •process, in which the 
current is passed tlrough the due gases from a high potential 
direct current msichine between trihnguhir wire frames covered 
with sisbestos (attached to the -f pole) and sheet iron (attached 
to the — pole). Condensed acid vapours and particles of dust are 

* Hannay has asserted that the production of fume is deiicndent on the 
formation of comiKiunds of SO,, with PbS, stable at a high temperature, but 
dissbeiated on cooling. Evidence in this direction is still inconclusive. 
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of the blast. From time to time much of the charge is drawn on 
to the work-stone, where the glassy “ grey slag,” rich in silicate 
of lead, is separated from the unreduced ore and unburnt fuel, 
and put aside for treatment on the .slag hearths {v.i.). During 
this selection the lead already reduced runs down a channel 


provided for it on the work-stone, and into the melting pot. The 
clinkercd mass of fuel and ore. hnme, is returned, fresh ore and 
fuel added, and the |)ro('es.s continued. It is obvious that in this 

process the reducing action 



Pig. 37. — .MoH'cl (loulile-hciU'lli tuniace 
for lead. 


of the fuel plays a j)art. 
as distinct fiori tile self¬ 
reduction of tlie ore. The 
process, moreover, differs 
from the reverberatory 
proi'oss in that oxidation 
and reduction are sirhul- 
taneous, the oxide and 
sulphate reacting with 
the sulphide as soon as 
they are formi'd. Modiwn 
hearth furnaces are watei'- 
jacketed, use hot blast, and 
produce large quantities of 
lead fume. 'I’he proce.ss is 
of value in places where 
labour is cheap and fuel 
dear. The Moffet hearth 
furnace, one of the most 
modern, is shown in the 
accom])anyingdiagram. 11 
consists of two hearths 
.separated by a hollow 
partition, in the lower 
part of which water is 
circulated. The wind- 
chest for the blast (not 
shown) is connected with 


the upper part of the partition, from which twyers descend and 
deliver the blast ift the top of the hearth-box. The lead over¬ 
flows from the hearth, and is delivered through a spout in the 


work-plate into the lead-kettle. 

The slags from both the Flintshire and the Scotcdi process 
are now usually treated either in a flowing furnace or a cupola. 
The slag hearth once universally used for this purpose still sur- 
viv''s. The general object is to reduce'uthe lead from the lead 
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silicate. For thb purpose the slags are heated on a heartli with 
the-aid of a blast, the proportion of acid to basic oxides being 
so adjusted as to yield a fusible slag irrespective of the decom¬ 
position of the lead silicate. The lead oxide is thus free to b<> 
reduced, and the lead is allowed to trickle away through a filter 
bed of j'inders into the lead pot. The product, slag lead, is hard, 
impure, and of low grade. 

2 and 3. Reduction by Carbon and Iron in Blast Furnaces.— 

One of the features in the progress of metallurgy has been the re¬ 
placement of the reverberatory furnace by the more economical 
blast fifrnase. This, as we have seen, is the case in the metallurgy 
of copper, and is gow to a large extent also true in lead smelting. 
The blast furnace method, which is most generally adopted, is 
found to be suitable for almost any class of ore, and the per¬ 
centage of lead may be much smaller than that necessary for 
other methods, while the presence of silica to a certain extent 
is not disadvantageous. If the ore is free from sulphur (or has 
been roasted nearly free from sulphur) the case is* analogous 
to the reduction of iron in the blast furnace, and it is only neces¬ 
sary to add some flux to form a slag with the ganguc and fuel 
ash. Such a case of reduction by carbon pure and simple 
rarely arises, and it is unnecessary to consider it separately. 
The flux may consist of iron ore and limestone, in which case 
metallic lead and slag rich in ferrous silicate are produced. It 
appears that the ferruginous matter is reduced to the ferrou.s 
state and forms ferrous silicate with the silica of the lead silicate, 
the lead being simultaneously reduced to the metallic state by 
the carbon of the fuel, the presence of which determines the 
replacement of lead oxide, in its silicate, by ferrous oxide. 

If, as is usually the ca.se, the ore contains a largo amount of 
sulphur, it is found beat to remove a considerable portion of this 
by roasting; otherwise the amount of iron consumed and of 
regulus formed is inconveniently large. The so-called “ pre¬ 
cipitation process ” in its simplest form consists in charging a 
reverberatory or blast furnace with galena and scrap iron (to¬ 
gether with fuel in the case of the blast furnace), and raising the 
temperature until the following reaction sets in :— 

PbS + Fo = FeS -h Pb; • 

The produces are metallic lead,* a matte consisting of sulphides 
of iron, lejd, and any copper and silver that may be present, and 
a slag consisting chiefly of silicates of irou. The matte is roasted 
and returned with the ngxt charge, tjie^iperation being repeated 
until the copper content is 16 to 20 per cent., when the matte is 
worked up as^qoarse metifi (see Copper, p. 2^3). It is economiflSl 
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to substitute iron ore, burnt pyrites, or iron silicates from copper 
smelting (q.v.) for metallic iron. The carbon of the fuel reduces 
these substances, and the metallic iron thus produced removes 
the .sulphur from the lead sulphide. This method, however, is 
seldom carried out as described; the most general method of 
lead smelting now consists in first roasting the ores to get rid 
of sulphur, and then smelting the roasted ore with fluxes and 
reducing agents in the blast furnace. The roasting is cflcctcd in 
heaps, shaft furnaces, or reverberatory furnaces, and the latter 
may be hand-worked or mechanically worked, while the Bruckner 
and other calciners are also used, exactly as descr'bcd under 
copper (p. 242). “ Sinter roasting ” is also p'-actised. In this 
method the charge is heated to .such an extent that it agglomerates 
into a solid mass, which may be broken up into pieces of a con- 
vimient size for blast-furnace treatment. For this purpo.se the 
charge is made to travel along the bod of a reverberator''’ furiiace 
until it is finally “ sintered ” in a specially hollowed out sump 
near the fireplace. For difficultly fusible ores “ Colorado ” 
roasters are used. These arc simply stepped furnaces with three 
or four hearths, the last being, in fact, a reverberatory furnac.'e 
arranged for fusion. The Dwight and Lloyd machine is largely 
used for continuous sintering of the ore in a thin layer. The 
damped material is delivered on to the face of a rotating drum 
formed of grate bars, and is immediately carried over some form 
of igniter. Air is then drawn through the ignited mass to main¬ 
tain vigorous combustion, and the sintered material is after¬ 
wards removed from the drum automatically. Several new 
methods of roasting galena liavc been introduced, in which the 
ore is mixed with lime or gypsum, damped, and fed on to a small 
fire in a converter shaped vessel through which air is blown. The 
Huntington-Heberlein process is perhaps the beat knowfi, and is 
very largely used. The crushed ore is first roasted with silica 
and limestone, most of the sulphide being converted into sulphate. 
After cooling, the charge is transferred to the converters, which 
are nearly hemispherical iron pots carried on trunnions, and in 
which a small fire is first lighted. As the layer of ore increases 
the blast is also increased, finally reaching to a pressure of about 
16 ozs. per square inch. The whole mass gradually gets red hot 
and sinters; it is then tipped out, allowed to cool, and broken 
up. The chemistry of the process is not clearly understood. 
Desulphurisation is nearly complete, and very little lead sulphate 
is left. K. Tandler conveniently sums up the reaction thus— 

PbS -P CaO -I- 20j = PbO-1- CaSO, 

A similar process has been devised by Messrs. Cg^michael and 
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Bradford of the Broken Hill Proprietary Company. The galena 
concentrates and slime are mixed in a pug mill with dehydrated 
gypsum and moistened with water. The mass solidifies owing 
to the hydration of the calcium sulphate, and is afterwards 
treated in converters exactly as in the Huntington-Hoberlein 
procesj. The capacity of the blast furnace is very largely in¬ 
creased by the use of ores prepared in this way by either of the 
above processes. Still another method of preparing material for 
blast-furnace treatment is to convei-t it into briquettes, and this 
method is often practised. 

The*blaA furnace used for lead smelting is of various forms, 
being either ciroiilar or rectangular in section, and is usually 
of nearly uniform diameter throughout its length. The lower 
part of the stack (bosh) is fitted with twyons, and is now always 
water-jacketed. The type used in Germany is known as the 
Pilz furnace, and is circular in section, about 25 feet in height, 
and C feet diameter. The stack is usually of masonry and the 
water-jacket about 20 inches high. The circular furnaces used 
in America are very similar, but somewhat smaller in diameter, 
and with much deeper water-jackets. Modern furnaces of a 
large capacity are nearly always rectangular, about 3 feet 6 inches 
wide, up to 12 feet long, and about 20 feet in height. The three 
essential portions of the furnace are (1) the hearth which receives 
the molten metal; it is built of firebrick lined with clay, and is 
about 2 or 3 feet deep ; as the metal must bo kept melted, the 
hearth is not water-jacketed. (2) Above the hearth is the water- 
jacketed portion fitted with twyers. (3) The shaft or stack, 
usually made of iron and lined with firebrick, carried on girders 
supported on iron columns. The lower portion of a modern 
furnace is shown in the accompanying figure. 

The hearth is always kept full of molten lead, which is drawn 
ofi continuously by means of a siphon tap. Suitable arrange¬ 
ments are made for drawing off matte and slag as they accumulate, 
and a separate forehearth is sometimes used for their separation, 
as described under copper (p. 246). In charging the furnace the 
materials are not mixed, but put in separate layers. The fuel 
used is generally coke, occcsionally mixed with a little charcoal. 
Coal is seldom used. As a flux oxide of iror^is nearly always 
required, and is best used in the form of hjematite as free as 
possible from silica. Limestone may also be required, and this 
should also be as pure as possible. The furnaces are sometimes 
charged through the top a{>d sometim»i3 through side openings. 
Various devices are in iise for autojnatic charging, and the cup 
and cone arrangement similar to that used in iron smelting blast 
furnaces is cqpiing into nlbre general use. The air-blast is sup^HSd 




Fig. 38.—Lead araeUinf/furnace. 


at a pressure of about 3 lbs. per square inch, and is cold, a hot 
blast not having been iound advantageous. Ihe main reactions 
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.rhich tHke place iu the furnace have already been indicated. 
The lead pre.sent .as oxide is reduced partly by carbon monoxide 
and partly by solid carbon ; that present as sulphide is “ pre¬ 
cipitated ” by iron which is formed by the reduction of ferruginous 
compounds added as flux. Any silicate present is reduced by 
carboy in the presence of ferrous oxide and lime, while lead 
sulphate is reduced partly by reaction with lead sulphide, or is 
converted to lead sulphide by carbon, and this sulphide decom¬ 
posed by iron. The products of the above process are (1) impure 
lead or bullion which is further treated in the manner described 
below * ( 2 ^matte or regulus consisting chiefly of ferrous sulphide, 
and carrying wilji it copper sulphide and a portion of any zinc 
and arsenic that may be present in the ore ; (3) slag consisting of 
a double silicate of iron and lime with silicates of other metals. 
The nature of this slag is very important in blast-furnace work; 
it must .be sufficiently fusible and not too dense to allow of 
separation from the matte; the slag aimed at is almost always 
of the raonosilicate type ; ( 1 ) fume, the treatment df which has 
been considered above. 

The products of the well-known Freiberg process—which is 
mainly notable for its highly systematic method of working, 
whereby the whole of the valuable constituents of the ores 
treated—viz.^ Pb, Zn, Bi, Ag, Au, As, CuSO^, FeS 04 , MnSO^, 
Ni, and Co as arsenides, AS 4 O 15 , As„S;, and As.^S^, are recovered 
•—are siihilar to those mentioned above, a crude or “ work-lead,” 
a matte and a slag being produced, and occasionally a gpeiss rich 
in nickel, cobalt, silver, and arsenic. In these processes an 
alternate roasting to remove sulphur, and reduction of the 
resulting oxide, are the characteristic features, a fraction of the 
lead being obtained by each pair of operations. 

For tSe treatment of mixed lead-zinc sulphide ores, see under 
Zinc, p. 291. 


Treatment of Crude or Work Lead 

{Werk-hlei ).—The chief 

impurities in crude lead are antimony. 

copper, arsenic, bismuth, 

silver, and iron. An analysis of a Freiberg crude lead (from an 

arsenical ore) is as follows ;—■ 


Per cent. • 

Lead. 

,. . 97-72 

Arsenic,. 

• l-3t) 

Antimony. 

. , . 0b2 

Iron, . • . 

Copper,. 

. 0-07 

0-26 

•Silver, . . . 

• 

0-69 


Two of the most desirable qualities of lead are its softness, 
arid plasticity, properties which are impaired by the presenc^if 
impurities, ^ost of the impurities of le^d ^except silver, copper, 
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and bismuth) aro more oxidisable than the metal itself. The 
pTOt'ess of improving or softening con.sists in exposing the molten 
lead to an oxidising atmosphere. The furnace used for the 
purpose is of the reverberatory type, with a hearth consisting of 
a wrought-iron or mild steel pan lined witli firebrick. The 
liearth is generallv water-jacketed at the sides to dimir^ish the 
(orrosive action of the oxides formed.* The pig lead is melted, 
run into the pan, and allowed to remain in an oxidising atmo-, 
sphere. The dross which rises to the surface is raked off from 
time to time, until a sample ingot of the lead shows a crystalline 
surface. The lead in the dross is recovered by rcductidn with 
coal, and is sufficiently rich in antimony to bq sent to the type 
foundry. Copper, although less oxidisable than, lead, forms a 
mixture with it which is less fusible than lead and sufficiently 
light to rise to the surface as the metal cools, and is skimmed off 
with the dross. Bismuth cannot be got rid of in the ^oftefling 
process, but is concentrated with the silver in the Pattinson 
process described later ; it is usually present only in small amount. 
When the lead is rich in copper, it is advantageous to liquate it 
before improving. A liquation furnace is a reverberatory furnace 
with a lieartli which slopes from the fire-bridge downwards, and 
terminates in a well. The pigs of lead are plac-ed at the top of 
the slope, and the temperature so regulated as to^ little exceed 
the melting point of lead, which flows down into the well, leaving 
behind the less fusible impurities, .such as copper—sulphur and 
arsenic being also partially separated in combination with the 
metallic; impurities. I'he softening process is a necessary ])re- 
liminary to desilverisation, because the impurities present inter¬ 
fere with both the Pattinson and Parkes processes. 

Processes for Desiiverising Lead. —The rccraoval of silver from 
lead may be effected by taking advantage of the fact (!hat load 
is more easily oxidised than silver, as in the laboratory method 
of silver assay. Inasmuch as it is in this case nece.ssary to 
.subsequently reduce the lead oxide formed, such a process can 
only be profitable when tlic lead is comparatively rich in silver. 
This is the principle of the process formerly in use. It is now 
customary, however, to submit the argentiferous lead to a con¬ 
centration proce^, wliereby an alloy rich enough to be profitably 
oxidised by cupellr.tion can be obtained. There arc two distinct 
methods for this purpose in use. ‘ 

Pattinson’s process depends upon the fact that wh?n a bath 
of argentiferous lead is allowed to cqpl gradually, crystals of lead 
poorer in silver than the' rept of the bafh first form. This con¬ 
dition obtains until the lead contains 6()0 to 7tX) ozs. of silver to 
the ton, when'such spontaneous segrogktion ceasef.,, So small a 
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quantitj' as 2 to 3 ozs. of silver to the ton of lead may thus bi 
extracted, although the limit for profitable working depends oi 
the market price of silver. The Pattinson plant (Fig. 39) cou 
sists of a series of cast-iron pans, holding 10 to 20 tonp each 
represented in the diagram. Each is heated by its own furnace 
The ^ead to be desilverised is run into a pot near the’middl 
of the series—e.y.. No. S. The lead is kept melted for a shor 
time, skimmed from dross, and is then chilled, sometimes bi 
sprinkling water on the surface, and the cake of solidified leac 
broken up with a “ slice ” and stirred into the bath. The stirrin; 
is colltimied until J to J has solidified, according to whethei 
the “ high ” or “ low ” system (v.i.) is being used. The crystal.' 
poorer in silver than the original lead are now fished out b} 
means of a perforated ladle, a, working on the block, d, as 
fulcrum, and transferred to pot No. 6, while the liquid portiot 
is*trans|erred to pot No. 4. A fresh batch of lead of the sam* 



aS; i.s ... Fig. .'i9.—Plant for Pattin.son's iii'occ.sH. 

.cyp.v'"'.: 

of silver as that previously used is run into pot 5, and 
the pAcess repeated until pots 6 and 4 contain sufficient lead 
to allow of their contents being fractionated in the same way, 
the poorer lead of each fractionation going to the pot immediately 
to the left and the richer to the right. ^ 

It will thus be apparent that the extreme right-hand pot 
( rich pot ”) will be continually receiving lead rich in silver 
and the extreme left-hand pot (“market pot”) is continually 
receiying lead almost completely desiherised—e.y.. containing 
only J oz. Ag per ton, and ready to be cast ^to marketable pigs 
It IS obvious that as there ii a regular gradation of content of 
silver throughout the scries of pots, crude lead of any content of 
silver can be worked up together with another of a different 
content by starting each in its apprepriate pot. In the high or 
i system, the contenf of silver is approximately doubled at each 
sepuratiom ^ In the low.er or J system the increase of silver o^ent 
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is about three fold at each step. The low system is particularly 
applicable to the treatment of comparatively rich lead. 

The dross formed is worked up with lead slags in the manner 
already described. An incidental advantage ’ of the Pattinson 
process is that it is an improving process apart from its use for 
desilverising. This results from the free exposure of the melted 
lead to the air. The double function causes the use of the 
Pattinson process in white lead making, where the purity of the 
load is essential for success. In some cases a single pot is used, 
provided with draining grates and an inlet for steam. Kepeated 
< n’stallisations are carried on as in a Pattinson battecy oi pots, 
steam at 50 lbs. pressure being admitted to take the place of 
liand stirring with a slice, and the still molten rich lead is tapped 
off, leaving the crystals on the grating.. It is claimed that the 
steam equalises the crystallisation better than stirring does, 
and at'the same time improves the lead by provoking -limited 
oxidation. This modification is known as the Lucc-Rozan pro¬ 
cess, and hf.s been frequently adopted in place of the original 
method. 

Parkes’ Process. —This method is an example of the purifica¬ 
tion of a metal by extraction with an immiscible solvent. It 
depends upon the fact that fused lead and zinc are not miscible 
in all proportions, but each dissolves the other to a limited 
extent,* and that zinc alloys more easily with silver than does 
lead. Thus, when zinc is melted in a bath of argentiferous lead, 
a partially oxidised alloy of lead, zinc, and silver rises and solidi¬ 
fies, constituting a scum on the lead. The process is conducted 
in pots, a section of one of which is represented in Fig. 40. Con¬ 
trary to the requirement of the Pattinson process, which is that 
the temperature shall be maintained at or near the fusing point 
of lead (325° C. = 617° F.), the bath in the Parkes procoss''is kept 
somewhat above the melting point of zinc (415° C. = 779° F.) 
in order to ensure perfect admixture. The lead is charged into 
a pot. A, where it is melted; an ingot of zinc is then thrown 
on the surface, and when this is fused the rest of the zinc is added, 
the quantity necessary depending upon the richness of the lead 
in silver, and varying from IJ to 2 per cent., though in modern 
practice as much as 6 per cent, is often used. The whole is then 
stirred, eith-zr mechanically or by the admission of steam, in 
which case a high temperature must be .avoided lest the steam 
oxidise the zinc. After the stirring has been continued for half 
an hour, the- fire is damped down aijd the crust of zinc-lead- 
silver alloy, termed technically zinc amalgam (containing, for 

• At 400° C. = 752° F., lead dissolves 0‘8 per eent. of zinc; zinc, at its 
fusii.y^point, dissolves 1 ‘5 ^er cent, of lead. t 
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pxamplf, Pb 55 per (.'ent., Zii 40 per cent., Ag 5 per cent., mixed 
with oxide),* is allowed to solidify, and removed with a perforated 
ladle. The lead is then baled out or removed by the pump, B, 
which consists of an iron cylinder fitted with a valve, C, opening 
inwards, an exit tube, D, and a steam admission tube, E. The 
molten metal lifts the valve, C, and finds its level in the cylinder, 
B, being then driven by steam pressure up the exit tube, D, 
into the delivery tube, P, whence it flows into the pig mould, G. 
When the lead in the cylinder has all passed over, the pressure 
of steam is automatically relieved through the exit tube, D ; 
lead i^^aii* flows into the cylinder, and the process is repeated, 
the emptying ai^tion being almost continuous. The removal of 
the small quantity of zinc which remains dissolved in the lead 
is a difficulty of the process, and several methods have been 
adopted. Treatment in an improving furnace (u.s.) has been 



t Fig. 40.—Plant for Parkes’ process. 

A, Melting pot; B, pump ; C, valve; D, exit tube; E, steam admission 
tube ; F, delivery tube; (J, pig mould. 


used. Another plan consists in stirring the zinciferous lead with 
lead chloride which converts the zinc into ZnCL, an equivalent 
of lead being reduced. Steam may also be used to oxidLse the 
zinc, or an oxidising fusion in a blast furicace may be adopted. 

The zinc alloy skimmed off is first liquat«€ to rppipve most 
of the lead. The lead goes hack to the Pferl^es pots, and the 
remaining alloy (Zii and Ag) is heated in a graphite distillation 
erucible*(see Zinc), together with wood charcoal, zinc froiq, the 

* It is claimed that theiprescnce of a umall proportion of aluminium (0’5 
per cent.) in the zinc used will much diminish the proiwrtion of oxide in 
the alloy. ^, t 
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alloy and from tlie oxide being thus recovered.* Th5' residue ’ 
is then worked up for silver (q.v.). The Parkes process has 
largely replaced the Pattinson process except for the manufacture 
of “ chemical lead ” {e.y.. for lead sheets for .sulphuric acid 
chambers), for which lead containing traces of zinc is not suitable. 
At some works— e.q., at Freiberg—the Pattinson and Parkes ■ 
processes are combined, the former being used until tfe rich 
lead contains only ."iO ozs. of silver per ton, when it is treated 
by the latter. 

The subject of cupellation— i.e., the separation of silver when 
present in considerable amount from lead, by the o'-idation of 
the latter, will be dealt with under Silver. 

Electrolytic Winning and Refining of Lead. —It is not probable 
that a successful method of winning lead from its ores by means 
of electrolysis will be devised. An attempt has been made at 
Niagara Falls to reduce galena electrolytically to spongy lead. 
The crushed galena was placed in a number of shallow saucers 
made of antimonial lead. These saucers, insulated from each 
other by rubber rings were piled in the form of a column in a 
vessel containing dilute sulphuric acid as the electrolyte. The 
whole set was run in series, the outer surface of the bottom of 
each pan being a cathode and the galena itself an anode. The 
arrangement is represented diagrammatically in the figure. 

The cathode product, spongy lead, was washeti free from 
gangue, and used either for accumulator plates or for the pro¬ 
duction of red lead or litharge. Other attempts have been made 
to electrolyse fused galena. E. F. Kern has patented a process 
in which the electrolyte is lead chloride (fusing at 600° C.) satu¬ 
rated with lead sulphide. Galena is fused and cast into anodes. 
The reduced lead is said to be malleable and free from sulphur. 

Attempts to refine crude lead electrolytically have met with a 
qualified success. When lead is rich in silver (e.q., contains as 
much as 180 ozs. per ton) it is said to be capable of profitable re¬ 
fining by electrolysis. For this purpose, thin plates of the lead are 
enclosed in sacking and serve as the anode of an electrolytic cell 
charged with a solution of lead sulphate in sodium acetate 
heated to about 40° C.f= 104° F. The cathodes are of pure lead. 
The lead deposited pn these soon strips off and falls to the bottom 
of the bath. When the anodes have nearly dissolved the gold 

• Blectrolytic refining of the alloy has been attempted. The alloy 
is cast into slabs to serve as anodes, from svhich the zinc is to be electro- 
lytically dissolved and re-deposiied, leaving tbe silver and lead. It is, 
however, difficult to deposit zinc electrolytically from any but an alkaline 
bat'' 
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and silver which have collected in the bags may be worked up. 
The lead need not be “ improved ” previous to refining. This 
process, due to Keith, has been modified by Tommasi. The 
cathode is a large- disc of copper or aluminium bronze which 
revolves between the lead anodes, and is only partly immersed 
in tl\^ electrolyte. The latter is a solution of lead acetate in 
sodium or potassium acetate. The freshly deposited lead is 
scraped off the revolving disc mechanically, collected in gutters, 
and afterwards treated. 

Neither of these processes is used commercially. The most 
promising^ method of refining load electrolytically is that due to 
Betts, in which*a solution of lead in hydrofluosilicic acid forms 
the electrolyte. Lead is readily precipitated from such a solution, 
and if gelatin be added the metal is obtained in a compact form. 
To prepare the electrolyte h}’drofluori<' acid of 35 per cent, 
strength is converted into hydrofluosilicic arid, HjSiF,,, by 
filtering through a bed of quartz. White lead is then added, 



Fig. 41. 


any sulphuric acid present being precijiitated as lead sulphate. 
Thic filtered solution contains about 8 per cent, of lead and 15 to 
16 per cent, of H.,t5iF|j, In addition, 400 to 500 grammes of 
gelatin are used for every ton of lead deposited, being added 
from time to time as a solution in hot water. The lead to be 
refined is cast into anodes of suitable size. The cathodes are 
thin sheets of steel covered wdth non-adherent coats of lead. 
Electrolysis is carried out at a temperature of 30° to 35° C., the 
electrolyte being circulated from vat 1 k» vat, avoiding exposure 
to the air as far as possible. Each vat or wfroden.fs'lk contains 
22 to 2^ anodes and 23 to 29 cathodes. In future, cement vats 
will bg used. A largo part (one-quarter to one-third) of the 
anodes is converted into^ sludge which is periodically removed, 
washed, and treated in a reverberatory furnace, a very fusible 
antimonial lead oxide being obtafiied, besides metallic lead con¬ 
taining tl^ precious nt >tals and any bismuth, and an argent^srous 
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copper slag. Most of the arsenic present is volatilised. The 
method is being used at Newcastle and in the United States, its 
chief advantage being its small loss of lead and comparatively 
large recovery of other metels present. 

Uses of Lead. —For the use of lead as a structural material, 
for its employment to resist mineral acids (e.g., in vitriol chagibers) 
and for the manufacture of paints, see the sections allotted to 
these subjects, Vol. II. Large quantities of lead are also used 
for the plates of electric accumulators. 

Commercial lead is one of the purest metals industrially pre¬ 
pared, as may be seen from the following analysis :— o 


Load, . 
('ojjper, 
Aiitinioay, . 
/inc, . 

Iron, . 
Silver, 


‘.ii)'983i' per cent. 
(»-(H)14 
(l-OO.S" 

(lOOKi 

OOOK) 

OOOSO ,, - 

100 0000 


Most of the impurities of lead tend to harden it. The specific 
gravity of the pure metal is 11'35. and the melting i)oint is 
325° C. = 617° F. 

Lead Alloys. —The principal alloys of lead are those with tin. 
antimony, and arsenic. The term “ white metalhas been 
applied indiscriminately to alloys of lead, antimony, and tin, 
or any two of these metals. 

Lead and tin do not form compounds but mix in all 
proportions. An eutectic is formed containing 37 per t:cnt. 
of lead, and having a melting point of 180° C. The lead-tin 
alloys have a greater tenacity and are more fusible than 
either metal. Thus pewter (20 per cent. Pb, 80 per cent. Sn) 
is a strong alloy not easily corroded, the safety of which for 
drinking vessels is impaired if the proportion of lead be sensibly 
increased. Common solder (tin solder) consists of equal weights 
of lead and tin: plumber’s solder 2 parts by weight of lead 
to 1 of tin (see p. 43). Fine solder has the composition 2 of 
tin to 1 of lead. These alloys have a lower fusing point than 
cither constituent has—' e.n., common solder melts at 190° C. = 
374° F.—the fusing point rises with the percentage of lead 
when the proportion 1 of lead to''2 of tin has been exceeded. 
The suitability of these alloys for soldering purposes is due to 
the fact that they have two points ot,solidification, one for the 
eutectic alloy contained and another for tl\(j excess of free metal 
present. Between these two points the alloy remains in a pasty 
condi'tiDn suitable for the plumber’s use. 
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Lead^nd antimony also mix in all proportions without forminfj 
compounds, the eutectic in this case containing 13 per cent, of 
antimony with a melting point of 228° C. The framework of 
accumulator plates is generally mad^ of lead containing up to 
4 per cent, of antimony. 

Pure lead-antimony alloys are, however, little used, as they are 
not su'teciently strong. To increase their strength tin is added ; 
this forms a hard compound with antimony posse.s8ing the formula 
SbSn. The alloy is then composed of these hard particles em¬ 
bedded in a softer matrix, a condition which makes for mechanical 
strength. *Type metal contains 70 per cent, of lead, 18 per cent, of 
antimony, 10 pey;ent. of tin, and 2 per cent, of copper. Stereotype 
metal has 82 per cent, of lead, 11’8 per cent, of antimony, and 
3'2 per cent, of tin. The function of the antimony in these alloys 
is to produce a metal hard enough to withstand the pressure of 
th^ printing machine. White metal (antifriction metal) is also 
lead hardened with antimony, and containing tin— e.g., 75 per 
cent. Pb, 15 per cent. Sb, 10 per cent. Sn. Antimony may vary 
from 10 to 18 per cent., but should not exceed the latter figure 
or the alloy will be brittle. Magnolia metal is a similar alloy, 
containing, in addition, about ()'2 per cent. Bi. For 
making shot for sporting guns, lead is slightly hardened 
by arsenic, w'hich also appears to favour the assumption of 
sphericity by the drops of melted metal as they fall down 
the shot tower. They arc commonly blackened by reception 
in a solution of sodium sulphide, or by tumbling with graphite.' 
On account of the low fusing point and plasticity of 
lead, it can be formed into rod and tube by forcing it, while 
just at its melting point, through a die, plain for rod and cored 
for tube. To obtain a harder tube than is afforded by pure 
lead (e9/., “ compo.” tube) some antimony is commonly added. 
The analyses set forth above are only given as indicating the 
general nature of these alloys, the composition of which varies 
widely. ■ 

. ZINC. 

Zinc does not occur native. Its chief tTes are as follows :— 

1. Blende (zinc sulphide, ZnS).—This mihetal .pcp.nrs asso¬ 
ciated with sulphides of lead| iron, and coppyr; it is usually 
black (wlfence the mining name “ black-jack ”), from the presence 
of these impurities, and lustrous. It is the chief source of the 
metal. Good ordinary saSiples contain about 50 per cent. Zn ; 
pure ZnS contains 66^er cent. It often contains cadmium 
sulphide. 


»• 
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2. Calamine (zim- l arboiiate, ZuC'O.,).^—This is also (''oloured 
by iron, frequently bein" brown, from the presence of ferric 
oxide. It may contain about 10 per cent, of zinc instead of 
52, which is the theoretical percentage. An ore consisting of 
hydrated oxide and carbonate, ZnCO.j. 2Zn(OH).„ is also worked. 

3. 25lnc Silicates. —The most abundant of these is electric, 
calamine, Zn^SiO,. ILO, so called from the fact that it is said 
to become electrify on heating. It is usually white. It is often 
confounded with calamine, which it resembles in physical pro¬ 
perties. Willemile, Zn .SiO,, is another zinc silicate which is 
worked. 

1. Red Zinc Ore (zinc oxide, ZnO) owes its colour to the pre¬ 
sence of oxides of manganese and iron. It may contain as much 
as 76 per cent, of Zn. It is seldom found alone, but is usually 
disseminated through Franklinitc. 

5. Franklinite, (ZnFeMn)O + (FeMn)oO;„ may be regarded 
as magnetite in which ferrous oxide is partly replaced by zinc 
oxide. The' iron is also associated with manganese, to which 
the peculiar colour of the mineral is due. Very large deposits 
are found in New Jersey. 

The chief zinc-yielding districts are Belgium and the Rhine 
country, Silesia, Greece, France, United States, and this country, 
though the amount obtained here is comparatively small, Cum¬ 
berland, Wales, and the Isle of Man being now the chief districts 
of supply. Zinc and lead ores are frequently found together and 
worked in concert, notably in New South Wales. 

The winning of zinc differs from that of the metals already 
considered, chiefly in the fact that the volatility and heat of 
combination with oxygen of zinc are greater than those of these 
other metals (Fe, Cu, Pb). The boiling point of zinc is about 
930° C. = 1,706° F., and its vapour is capable of reducing water 
vapour and carbon dioxide, properties which prevent its being 
smelted in a blast furnace. It is sometimes, however, feasible 
to treat ores of zinc in a blast furnace, but only as a means of 
obtaining a pure oxide; the metal is reduced in contact with the 
solid fuel of the furnace, volatilised, and burnt again to oxide 
by the exit gases; the oxide is then collected and reduced in the 
ordinary way (u.i.). The reduction of zinc oxide by means of 
solid cart-'". depiesented by the equation— 

ZnO 4- C = Zn + CO. 

The decomposition of ZnOoabsorbs 85' Cal., whilst the formation 
of CO evolves 29 Cal. Thus'tH above reaction is endothermic 
to th" extent of 56 Cal., which quantity of heat has tp be supplied 
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' thiougl^fche walls of the retort in which the reaction is carried 
out. 

Zinc ores are usually subjected to some preliminary process 
of concentration. The ore may be bi^oken by hand or by means 
of jaw-crushers. The methods of separation include hand 
separation, gravity separation, magnetic separation, and flotation 
separation. The process often involves repeated crushiugs and 
^ siftings through cylindrical trommels, etc., into various sizes, 
each size being separately treated by a gravity process, either 
wet or dry, by means of jigs, table concentrators, etc. As 
regards magnetic concentration, the ,\Vetbei^V; machine i.s 
perhaps most generally used. For the di.scussion of the 
above methods, and of the subject of flotation concentration, 
see p. 168, et seq. 

The next step in the treatment of the ore, whetlicr it be blonde 
or tialamine, is the roasting of it to oxide. When calamine (zinc 
carbonate) is treated, it may be roasted, like limestone, in running 
kilns (see Lime), or in reverberatory furnaces; the abject of the 
roa.sting is to avoid the presence of CO.^, which would oxidise 
the zinc in the retort in the subsequent distillation process. 
When blende (zinc sulphide) is roasted, much of it is converted 
into zinc sulphate, which can only be decompo.sed at !i tempera¬ 
ture considerably above that necessary to convert the sulphide 
into oxide. *To avoid the formation of zinc sulphate as far as 
possible the blende is coarsely crushed and the roasting is con- 
' ducted in shaft or reverberatory furnaces. More recently large 
mechanical furnaces have been used, these being either revolving 
furnaces, long-bedded furnaces with mechanical stirrers, or 
muflJe furnaces (see under Copper, p. 242). A shaft furnace is 
sometimes used for a preliminary roasting. If the ore is in the 
form ot a powder a reverberatory furnace is used. When the 
gases given off are to be used for the manufacture of sulphuric 
acid, kilns of the Gerstenhofer type or muffle furnaces are used, 
the latter yielding gases rich in sulphur dioxide, besides calcining 
the ore thoroughly. The roasted ore contains very little zinc 
sulphate, and, according to Voigt, is free from zinc sulphide, 
most of the residual sulphur being present as sulphates of lead 
and calcium, and as calcium sulphide. I considerable quantity 
of fume is obtained during the roasting; fhiS' i.sSwl’'* some, 
10 per cent, of zinc as sulphite, which is leached out and pre- 
cipitated*a8 zinc carbonate. 

The nnely-ground calciged ore is mixed with about hffnf ite 
weight of powdered coke or non-c^isg coal, and the mixture is 
charged into retorts. * These aoq of two forms, known respec¬ 
tively as the^elgian an^ the Silesian retort. The former, ng^rked 
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a in Fig. 42, are fireclay tubes, either circular or ellipoical in 
section, about 4 feet long, 8 inches internal diameter, and 1 inch 
thick in the walls ; these are set in an inclined position (to facilitate 
charging and discharging) above the grate of a solid fuel furnace, 
or in a producer-gas furnace u.sually working regeneratively, 
similat‘'to that used in steel-making (p. 197). The capacity of 



t'ig. 42.—^Belgiau ziiio retort. 

«, riroeliiy lube.s ; b, elay receiver ; r, )ii>l. 



the furnaces varies considerably. Coal-fired furnaces may take 
48 02 more retorts arranged in six to nine rows. In gas-fired 
furnaces only three to five rpws are used, but these are much 
longer, and may contain from‘'5f» to 70 retorts in each row. The 
furna'es may be built singly or arranged in pairs or groups of 
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four. ^ modern three-tier Belgian furnace working legener- 
atively ia shown in the accompanying figure. 

The charge for a modern Belgian retort is about 63 lbs. As 
soon as the retorts are charged they are fitted with the clay 
receivers, b, which are from 16 to >24 inches long. When the 
temperature is sufficiently high, reduction commences, and after 
a tin*e metallic zmc begins to volatilise. Conical sheet-iron 
condensers, c, each provided with a small hole for the exit gases, 
and about 30 inches long, are then attached to the clay receivers. 

The latter (Silesian retorts) consist of Q -shaped muffles, 4 to 
6 feet* long, 8 inches wide, and 18 inches in height, each taking 
a charge Cf about f cwt. Modern retorts are often larger, and 
hold as much asF2 cwts. of ore. The front part of the muffle, M-i 
(Fig. 44), is fitted in its upper half with a clay nozzle, p, which 



is connected with the clay tube, r, leading into the sheet-iron 
adapter, s; the lower half of the front of the muffle, «, can be 
removed for the introduction of the charge; the muffles are set 
in row.s, back to back, in a furnace with a long central grate, or 
are heafed by producer gas with a regenerator in the usual way. 

The details of modern Silesian furnaces vary somewhat. The 
condensers themselves may be kept within the furnace proper, 
only the iron “ prolongs ” being seen outside. The latter some¬ 
times communic,ate, at their upper ends, with condensing chambers 
to retain the last traces of zinc. Other forms of condensers are 
also in use; the Dagner condenser, for instonce, consists of a 
series of clay boxes through which the fiistillate^is made to pass. 

The receivers which are to collect the zinb jm'st'^^f a teiu- 
perature to keep it fused. 'Hie progress f .' the CrfeTO.i.;iV;-y is 
judged b}5 the appearance of the issuing gases. Brown fumes of 
cadmium oxide first appear, and then zinc vapour, the uncon¬ 
densed portion of which burns at the end of the condensers until 
the distillation is complete. Much4gr?y, partially oxidised, and 
finelv-divided zinc collects in the sheet-iron adapters; this is 

1A 
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marketed as zinc dust for use as a reducing agent, ^^sually, 
however, this dust and other residues containing zinc is mixed 
with ore and coke, the charge put into retorts in tlie cooler parts 
of the furnace, find redistilled. The yield of fused zinc, or spelter, 
fis it is commercially termed, is from 70 to 80 per cent, of that 
in the ore. 

In the Belgian process the sheet-iron adaptfus are emptied 
three or four times daily, the zinc which lias iiccumulated in 
the clay condensers being ladled out at the same time. In botli 
the Bfdgian and Silesian methods the retorts are dis(;harged every 
twenty-hour hours, for which purpose steam is sometimes u.sed 
in America. 

A combination of the Belgian and Silesifin methods is largely 
employed in Rhenish Pni.ssifi and elsewhere, tlie furnaces tx'ing 
often known iis “ Uhenisli furnaces.” 'I'hree rows of ('llipticii,l 
retorts are commonly used, the bottom row being supported 
throughout their whole length upon the hearth, fis in the Silesian 
method, while the upper rows fire supported at their ends only. 
The furn.aces jiro usually giis-hred, tlie air necessary for com¬ 
bustion being pre-heated by means of the heat of the waste gii.se.s. 

Refining of Zinc. —Crude zinc constantly contains lead—c.f/., 

I to 3 per cent.*—and often traces of arsenic, cfidmiuni, and 
iron. It is refined by melting on a hearth provided at one point 
«ith a well, in which tlie Ictid settles out in the cou’'se of two or 
three days as a heavy lead-zinc alloy, this metal being but s])ar- 
ingly soluble in zinc (see p. iSO). Above this comes ;i thin 
hiycr of highly ferruginous zinc, while the top metal is com¬ 
paratively pure zinc. The latter is ladled out and cast into 
ingots. The luird ferruginous spelter is sold to makers of copper- 
iron-zinc alloys. The liquated lead contains 2 to 5 per cent, 
zinc, and is used for dcsilverising and other purposes. In America, 
where natural gas-fired furnaces are used and smelting costs are 
low, spelter is frequently refined by redistillation, but the product 
still contains 0’25 per cent. lead. Electrolytic methods of refining 
have been tried, but have not been found commercially succe-ssful. 

Commercial zinc usually contains arsenic ; this may be removed 
by adding 0‘2 per cent, of metallic sodium to the fused metal, 
skimming off the surface layer and then granulating the metal 
by pouring into waterl The scum contains practically the whole 
of .+hcTlrsehic as a-sodium-zinc compound, which appears to be 
most stable at a'temperature near the melting point of zinc. 

This refining is necessary for zinc that is to be rolled, as well 
as for that which is to be used for 'brass making. It is stated 

* Lead is somewhat volatile ik yrcsenco of sine, and, therefore, distils 
over^with the latter in the reduction process. 
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that malleability is not affected provided the lead be below 
1'5 per cent., but is much reduced by 0'25 per cent, of iron. 
Zinc that has been overheated and contains oxide is also unsuited 
for rolling. 

Fume Filtration. —This process, whiidi has a promising Juture, 
has fjr its primary object that of obtaining zinc free from 
lead as a product when smelting zinc materials containing lead. 
Briefly, the method is to insert between the retort and the con¬ 
denser a short clay tube containing refractory material through 
which the vapours are “ filtered ” before condensation. The 
origin.al id»a was to detain the intermingled impurities by sortie 
chemical reaction. In the Hopkins’ process (tarboii is used Tor 
this purpose. This may possess an advantage over other materials 
(which are also used), inasmuch as, in an incandescent state, it 
helps to maintain a reducing atmosphere. The action, however, 
appears to be essentially mechanical, the heavier constituents 
of the mixed vapours being sufficiently retarded in their course 
of diffusion to effect a more or less complete separati?>n from the 
lighter, which pass on in an almost pure condition. As a result 
a very pure spelter is obtained, and the lead partially recovered 
in the metallic form. There is a tendency, also, to obtain higher 
yields. The process i.s now being used for obtaining almost pure 
spelter (containing 99-86 per cent. Zn) from such crude, materials 
as galvaiiisers’ “ dross,” zinc ashes, etc., and in the future will 
doubtless be applied to the direct distillation of ores and lead-zinc 
concentrates. By fitting a similar nozzle or filter to the outer 
end of the condenser the escape of “ zinc fume ” into the atmo¬ 
sphere is said to be almost entirely prevented. 

Treatment of Mixed Sulphide Ores; Electrolytic Winiiing of 
Zinc. —Large quantities of complex lead-zinc sulphide ores exist 
in New ^outh Wales and various parts of America which do not 
lend themselves readily to ordinary smelting methods. An 
elaborate system of concentration yields five products, four of 
which can be smelted, with more or less succeoC, for lead and zinc. 
The largest proportion, however, is the, “ niiddlings,” the treat¬ 
ment of which is one of the most difficult of metallurgical pro¬ 
blems. This problem is one of the chief causes of the various 
attempts which have been made to devrie a,trt?.fVhlTe wet or 
electrolytic method of extractmg zinc. A jwssfiT^,|!.[lii.iL;'»of 
the difficulty has been mentioned in connectkui with' ■ii.,f.^’ne 
filtration*’^ briefly considered above, but this remains to be seen. 
In some of the dry processis which have been devised (e.y.,*the 
Bartlett process) the middlings arefeduced with coke, the zinc 
volatilised and condensed as a ij'me consisting largely of zinc 
oxide andj^iiic lead shlphate; this powder is sold as a i^ite- 
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lead substitute. lu other processes the ore is roasted/ fluxed 
with alkalies in a blast furnace, and the zinc obtained as a slag. 
The latter is then smelted with coal in a basic-lined Siemens 
furnace, the zinc volatili.«ed and collected as oxide. A verv 
large number of wet methods have been suggested, all based 
on similar general principles, and which it is unnecessary to con¬ 
sider in detail. In almost all of them the ore is roasted* either 
alone, so as to convert the zinc into sulphate or oxide, or with 
salt, so as to convert it into a mixture of chloride and sulphate. 
'I’he zinc is then leached out (by suitable solvents) and precipi¬ 
tated as oxide or carbonate, iron and other metals being first 
removed by suitable means, if necessary’ for a„white product to 
be obtained. \'arious leaching agents have been proposed, such 
as water, dilute acids, ammonium salts, and ferric chloride, 
while suggested precipitants for the zinc include lime, sodium 
sulphide, and sodium carbonate. In addition, there remains the 
treatment of the argentiferous lead residues. None of these 
processes can be said to have solved the problem of the treatnnnit 
of complex sulphide ores. 

The Siemens-Halske process is a combined wet and electro¬ 
lytic proceiss. The ore is roasted at a low temperature and tin' 
zinc (.'onverted largely to sulphate. It is then extracted with 
dilute sulphuric acid, foreign metals precipitated by suitable 
means, and the faintly' acid solution of moderately pure zinc 
sulphate electrolysed between lead anodes and zinc cathodes. 
Sulphuric acid accumulates in the solution, which is again u.sed 
for leaching purposes. T'he difficulty of preparing a pure zinc 
sulphate solution, .‘',nd of keeping the electrolyte sufficiently 
pure militate against the success of this method. In aJiothei- 
Siemens-lialske process the unroasted ore is treated with chlorine 
and leached ; the residues are smelted and the solution fs electro¬ 
lysed. Chlorine is liberated and is used again. 

The Ashcroft process was also designed to treat mixed sulphide 
ores. The latter were roasted and leached with ferric chlorid(' 
solution, the residue being smelted for lead. The solution was 
electrolysed first between iron anodes and zinc cathodes, by 
which part of the zinc was precipitated and ferrous chloride 
formed ; then between carbon anodes and zinc cathodes, w here 
nvfsfc-or tne remaining zinc was precipitated, ferrous chloride 
being also oxidised to ferric chloride, which was used again for 
leaching. The failure of this method led to the PhoBujx process 
being devised. The fundamental reaction in this proce.ss con¬ 
sists in attacking the sulphides witn chlorine at a low red heat 
in a vessel resembling a conve'lter, tapping off the mixed chlorides, 
selectively precipitating the chief metals other than zinc, and 
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finally "obtaining a solution of zinc chloride approximately pure. 
This solution is boiled down and the zinc chloride electrolysed 
in the fused state between anodes of carbon and cathodes of 
fused zinc, the electrolyte being kept,fused by the current. 

Numerous processes for the electrolytic winning of zii^c have 
been Revised by Hoepfner. In one modification the ore, after 
roasting for sulphur, is mixed with 20 per cent, of salt, and again 
roasted to chloridise the zinc. The solution obtained by ex¬ 
tracting the roasted mass is cooled to — 5° C. = 23“ F. to separate • 
the sodium sulphate formed during roasting, and the solution, 
of zinc chloride is electrolysed in cells provided with diaphragms 
of nitrated cotton. The anodes are of carbon, and the cathodes,! 
are rotating zinc discs, the electrolyte being kept fairly strong 
in order that a coherent deposit may be obtained. This process 
haj been worked on a commercial scale. Another Hoepfner 
process i,s being worked in this country by Brunner, Mond & 
Go., and is very similar to that just described. The zinc chloride 
is obtained by acting on zinc oxide (roasted zinc ore) with calcium 
chloride solution and carbon dioxide, calcium carbonate being 
produced. This reaction is said to work smoothly. The real 
object of the alkali maker is to recover chlorine from his waste 
calcium chloride liquors. 

Mond hag devised the following apparatus to overcome the 
difficulties experienced in obtaining a good adherent deposit of 
zinc. The cathode consists of not fewer than three long rotating 
mandrels, the bearings of which are arranged in such a way that 
horizontal motion is permitted. These cylinders are kept pressed 
together by means of springs, and are slowly rotated in the 
electrolyte. To prevent the same parts of the cylinders from 
cominf^in contact too frequently the cylinders are all of different 
diameters, and to give the deposit a good burnish a slight sliding 
motion is imparted to one of the mandrels whilst rotating. The 
deposited zinc is removed as tubes from the mandrels and cast 
into ingots in the usual way. 

Within recent years attempts have been made to distil zinc 
in the electric furnace. Dorsemagen has proposed to heat a 
charge of calcined siliceous zinc ore and coal in a furnace of the 
crucible type with vertical electrodes. Zwc is said to be reduced 
and volatilised and silicon carbide left behip8 ; Ifi'the .presence 
of iron ferro-silicon is formed.* • 

During the last few years zinc has been produced on a com¬ 
mercial scale in Germany ^md Sweden (with exceptionally «heap 
water power) by electrothermic smiting in the De Lavel furnace. 
Fig. 45 shows the form of fi vnace and method of heating 
employe4,by De Lavel. The finely-divided zinc ore ia«mixed 
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Kig. 45.—l)c Lavel eloctric furnace for zinc. 



Fig. 40.—Cute-Piorron zinc furnace. 

with powdered coal, lime'toiw, and other fluxes, and is then 
submitted to the radiant heat t*£ an electric arc in the form of 
furnaQ^ shown in sectional elevation in the figure.,, By careful 
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fin.nilatioii of the (listance of the are from the ore. and fluxinsr 
Tliiterials at the eharjiinf' end of the furnace tlie jniritv of the 
in iduct can be controlled at will. Details of the ajjpuratus and 
fusi uiffcments for conden.sinir and .sepirratin)i the metallic vapours 

^ not available. The ])roduct is stated to be remarkabiy pure, 
beeitaiining 99'9 per cent, of zinc. The furnace has been used 
chiefly for refining raw spelter. 

A recent process for smelting zinc in the electric furnace is 
the C6te-PieiT0n process, which consists in reducing zinc sulphide 
by m^ans of iron. The furnace adopted on a commercial scale 
is shown tn the illustration. 

The lower part of the crucible, A, with the projection, h, he 
made of graphite, and is connected with one pole of the clectrii^ 
circuit. The roof is formed of refractory firebrick, and is pro¬ 
vided with openings, e, for the introduction of the charge. The 
zinc vapours pass into the condenser, I, containing carbon. Air 
is admitted through the opening, j, to raise the falling carbon 
to a red heat, so that at a point lower in the condefiser the zinc 
“ mist ” may be reduced. The furnace is also used for the manu¬ 
facture of zinc oxide by passing the zinc vapour to a combustion 
apparatus and collecting the oxide in settling chambers. For 
the production of commercial white zinc oxide, free from iron, 
the reactiojj of lime and carbon with zinc sulphide is utilised, 
a graphite crucible being employed— 

ZnS -t- CaO -I- C = CO -f CaS -h Zn. 

The zinc oxide obtained contains 98'6 to 99‘0 per cent. ZnO and 
0‘2 to 0‘3 per cent, of iron. 

Uses of Zinc. —The specific gravity of zinc is 7 ; its melting 
point 419^ C. = 786° F. At the ordinary temperature it is 
brittle, but between 110° C. and 150° C. it is malleable, so that 
sheet zinc can be prepared at this temperature, and is much used 
for pipes, gutters, etc., for which it is more advantageous than 
iron, both on account of its somewhat lower .specific gravity and 
its greater resistance to corrosion. Other uses for sheet zinc 
include its suspension in boilers to prevent corrosion, and for 
gold extraction by the cyanide proces.s,. The printing trade.s 
also use zinc extensively for “ process ” bloek^. ,j^he use of zinc 
for coating iron has been already dealt with»(p. *30).* Zinc '\ihite 
is made directly from ziiu by burning it (see Figtnmts, Vol. II.), 
and crude spelter is used, with sulphuric acid, as a cheap source 
of hydrogen. The application of thfc metal in primary batteries 
has been already explained (^,, 41f) ;* also for desilverising lead 
(p. 280). Zinc chloride is usei ?§r mercerising cotton, while zinc 
sulphat^ used in dyehig and calico pointing. 
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Zinc Alloys. —Brass has already been considered under copper ; 
the zinc used for making it should be as pure as possible. Zinc- 
iron alloys (Zinccisen) may be prepared by immersing clean 
iron sheet in a bath of zinc heated to near its boiling point, 
and arc also obtained as bye-products in zincing {tjalivnixin;/, 
p. 30). They are used as convenient means for introducing iron 
into special copper-zinc alloys, such as Delta and Bull metal. 
Zinc-antimony alloys are used for thermopiles. The behaviour 
of zine-lcad alloys has been dealt with under the dcsilverising 
of lead by the Parkes process. Zinc-aluminium alloys ar? now 
importiint industrially (see p. S-OS). For German silver see p. 317. 

• 

CADMIUM. 

Cadmium occurs as (Ireenockite. CdS, a somewhat rare miiucal 
of no commercial importance. The metal accornpanie" zinc in 
almost all specimens of its ores, and distils over during the lirst 
two hours ot zinc distillation as “ blue powder ” containing 1 to 
8 per cent, of cadmium. The bulk of the cadmium of commerce 
has been prepared from this product by a process of fra(;tional 
distillation. The powder is ini.xcd with coal and distilled at a 
low red heat from cast iron or clay retorts having long sheet-iron 
<‘ones as adapters. The enriched distillate may contain over 
20 per cent, of cadmium, and is redistilled until a jnoduct con¬ 
taining 99 "5 per cent, of cadmium is obtained, affording an illus¬ 
tration of tlie general applicability of fractional distillation. 
Lately considerable (juantities of cadmium have, been obtained 
as a bye-product from the manufacture of lithophone (see Vol. 
II.). in the preparation of the latter the impure ziiu' solutions 
are purified by boiling with zinc dust which precipitates foreign 
metals, chiefly cadmium, after iron and manganese have been 
removed. In a new process at Marienhiitte (Upper Silesia) the 
crude solutions are subjected to electrolysis in lead-lined tanks, 
zinc anodes being suspended in the liquor. The zinc dissolves 
in the neutral solution, while foreign metals are deposited as 
slime on the lead lining which serves as cathode. The mud may 
contain from 30 to 70 per cfuit. of cadmium, and from this it is 
possible to prepaye crude cadmium, which then serves as an 
anode in the electro'ytic separation of the commercial cadmium. 
The metal appear* in commerce in the form of sticks. 

Cadmium is a metal standing in many respects between zinc 
and lead. It is soft enough to mark 'paper faintly. It melts at 
321-7° C. = 612° F., boils ah 778° C. = J,132° F., and haa a 
specific gravity of about 8-6. i' 

Usek'of Cadmium. —The metal is emplGyed in the p-“paration 
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of cerffein alloys of low melting point (fusible metals), such as 
“ Woods’ metal ” (see Bmnutk, p. 309). Silver dissolves cad¬ 
mium to the extent of 20 per cent., forming a homogeneous solid 
solution. Plating with an alloy of sijver and cadmium has been 
practised, and is said to have the advantage that the coating is 
not SQ easily tarnished as pure silver. Cadmium is used* exten¬ 
sively for making silverware, owing to its valuable properties 
as a deoxidiser. It is usually added to the extent of O'f) per 
cent., and impai'ts malleability, prevents blisters, and is said 
to improve the whiteness of the metal. At normal prices cad¬ 
mium is much used for cadmium plating ; on tin the coating 
is very hard, a»d takes a high polish. Alloys of tin and cad¬ 
mium containing 20 to 30 per cent, of the latter are now used 
for anodes in electro-plating the interior of telephone parts in 
pL^ce of nickel. Alloys of cadmium with gold, .silver, and copper 
are easily fusible, and are used for jewellery. With zinc and tin 
cadmium forms alloys which are used as solders for aluminium 
and aluminium-bronze. Cadmium also serves as tti basis for 
cadmium yellow, CdS, which is used as a pigment (see Vol. II.), 
and in pyrotechny. 


TIN. 

Tin does not occur native. The following are its ores :— 

Tinstone or Cassiterite. —This ore consists of crystals of stannic 
oxide (SnOj,), generally occurring as masses in lodes, or dis¬ 
seminated in very small veins through granitic rock. The 
denudation of the rocks carrying tinstone has given rise to 
alluvial deposits of the ore in sands, the ore being then known 
as stream-tin. * Arsenical pyrites, wolfram, and other minerals 
accompany the siliceous gangue of the tinstone. Tinstone is 
sometimes found light in colour, of regular crystalline form, and 
approximately pure, but is generally dark from the presence of 
oxides of iron and manganese. Considerable quantities of tin- 
•stone are still raised in Cornwall and Devon, but the islands of 
Banca and Biliton, the Malay Peninsula, Australia, and Bolivia 
furnish the chief supplies. 

Tin pyrites is essentially a triple sulphide of tin, copper, and 
iron, containing about 26 per cent, of tin, 30 ^e,*‘'(?ent. of copper, 
12 per cent, of iron, and 31 pA cent, of sulpSu^-. Zinc and dther 
metals *re sometimes present. Tins ore is of minor importance, 
and generally accompanies^cassiterite da some slight cxtent.£. 

THE WINNING Of TIN.— 1. freparation of Tin Ores.— The 
majority of tin ores are comtAfatively poor, containing, for 
example, J to per <»ent. of metallic tin, and a cheap saethod 
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of meolianiciil concentration is, therefore, necessary. Sucli a 
method is rendered pos.sible by tlie fact that tlie s|)ecifi(: gravitv 
of tinstone ((i'S) is much higher than tliat of most of tlie accom¬ 
panying gangiie (tlie specific gravity of quartz being 2-7). .so that 
by stamping the ore (see Gold) and washing tlie resulting powder 
by a sfream of water, the lighter gangue is carried furtlier, a wav 
by the water than is the heavier tinstone. Various tyjies of con¬ 
centrators are, in use for the treatment of the crushed ore. Of 
these the Frue vanner, in which the ore is washi'd by a stream 
of waiter on an endless belt moving upwards, and the W'ilflex' 
table, in which the ore is washed on a vibrating table- provided 
with riffle bars, are perhaps the most largely used. When tln^ 
ore contains a good deal of pyrites, as is usually the cas(‘. tin' 
washing will not serve to remove the pyrites because the specific 
gravity of this mineral (.5'0) is too near that of tinstone. The 
first concentrate—t.e.. the portion heavie.st and richest in tin— 
must, in this case, be roasted in order to convert the suljihides 
into oxides,' and thus reduce the .specific gravity of the matter 
Other than tinstone, the washing being then repeated. As in all 
methods of mechanical concentration. “ sizing ” of the ore before 
washing is advantageous, since effective separation is only 
obtained wlien the material treated consists of fragments fairly 
uniform in size (sec Gold). Another object of this roasting is 
the removal of arsenic and sulphur, the former being condensed 
in a series of chambers, and forming the main source of “ white 
arsenic ” {<].v.). 

Modern roasting plant, such as the Oxiand and Ifocking 
roaster, consists of a long iiylindcr slightly inclined towards a 
grate, the products of combustion from which traverse the 
cylinder from end to end. 'I’he cylinder is slowly revolved and 
ore fed in at the upper end, being roasted in its passage and 
falling out at the other end of the cylinder. The upper end of 
the cylinder opens into condensing chambers for the collection of 
arsenious oxide. Other tyjies of furnace, as described under 
Copper (p. 242) may also be used for roasting. Before con¬ 
centrating a second time the roasted material is now frequimtly 
treated by magnetic concentration. The material is made to 
travel on an endless belt under a series of other belts running 
at right angles tt) the main belt, and behind which magnets are 
arranged sufficiently strong to attract magnetic particles, which 
are then carried away by these tran.sverse belts. The first belt 
serves to remove magnetic oxide of ijon, and the second bolt, 
provided with stronger magnets,,removes w;olfram. Each of the 
products may be .subjected to urther treatment: usually the 
tinstoiv* thus separated is ready for the smelter. Whyj the ore 
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is suffifiently rich in copper to pay for the proce.ss, the roasted 
ore is washed with dilute acid and the copper precipitated by 
iron (see Copper). Should bismuth be present it is, at the sanu' 
time, dissolved by the acid (which in this ca.se is hydrochloric 
acid), and is precipitated by dilution as basic chloride. As stated 
above, tungsten in the form of wollram (a tungstate of iitni and 
manganese) is sometimes present in tin ores, and on washing i.s 
left with the tinstone. This may be removed by fusion with a 
small quantity of soda ash (Na.CO.,), whereby the tungsten i.s 
converted into sodium tungstate (NaoVV^ 04 ). This may be leached 
out with ^ater, together with a quantity of sodium stannate. 
corresponhng w^th the excess of soda ash used. Sodium tung¬ 
state has a limited application in dyeing and for rendering light 
fabrics uninflammable. This process for removing tungsten i.s 
somewhat expensive, and is but little used. The purified tinstone 
ha# to be further w'ashed to remove the ferric oxide left by the 
decomposition of the wolfram. 

2. Reduction to Metallic Tin. —Stannic oxide is eafily reduced 
by carbon at a red heat. The purified tinstone, “ black tin,” 
contains about 65 to 70 per cent. Sn in place of 78'T per cent, 
in pure SnO^. It is mixed with about one-fifth of its weight of 
anthracite breeze, moistened to agglomerate it, and introduced 
into a reverberatory furnace. On account of the complctenesis 
with which •the gangue lias been removed, the use of a flux is 
not always necessary, but should the silica present be more than 
sufficient to combine with the oxide of iron, a little lime or fluor 
spar is added. After the temperature lias been raised for six 
hours, the atmosphere being kept a reducing one meanwhile, the 
charge is raked, and more anthracite thrown in. The temperature 
is again raised, and the metal tapped off into an adjacent well 
lined with firebrick. Most of the slag flows out with the tin, 
and is mechanically removed from the well, the metal being 
ladled into ingots. The pasty slags which remain in the furnace 
retain a considerable proportion of tin globules, which are re¬ 
covered by crushing and washing. The slags that flow out with 
the tin are again treated by liquation and smelted, and another 
fraction of tin recovered. The smelting of the slags is usually 
carried out in blast furnaces, a somewhat higher temperature 
being employed than in ordinary smelting. *Tke’ tin obtained 
is somew'hat impure, and is uStd for making cqmmon tin. Tlie 
final slags,'consist mainly of ferrous silicate. 

Although the use of reverberatory, furnaces is more general, 
small blast furnaces are employed in seyeral localities for smelting 
stream tin, especially In Saxony t%e Malay Peninsula, and the 
islands of Barica and l^illiton ; Lie loss of tin by volatiljgation 
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is very considerable. The furnaces are usually rectangular; 
the Saxon furnace is constructed mainly of granite, while the 
so-called “ Chinese furnaces ” in the Malay Peninsula are some¬ 
what primitive (•onstructions of rammed clay. The furnaces 
are kept full of the charge, which consists of ore, slag, and charcoal, 
and whicli is damped with water from time to time to keep the 
furnace from becoming too hot. The reduced tin is collected in 
wells in front of the furnaces, and is afterwards reiined. 

3. Refining of the Tin. —Crude tin contains Pe, Co, \V, Cu, Pb, 
As, Sb, Bi, and S in varying amounts. In the refining of tin, 
advantage is taken of its low melting point, 232“ C. v= 150“ F., 
bv the use of a liquation process. T'he ingots are piled on the 
higher end of a sloping hearth and maintained at the melting 
point of tin. The less fusible metals— c.r/., Fe and Cu—together 
with As and S, remain on the hearth (still containing, however, 
about 20 pel' cent, of tin), and the bulk of the tin, together with 
the more fusible metals, such as Pb and Bi, is collected in a pot, 
where it is t><>led with green wood ; during this process the 
agitation of the metal fiy the gases which escape from the wood 
ai-rates it sufliciently to oxidise the more readily oxidisable 
impurities. The metal is allowed to .settle in the pot, when 
the remaining heavier impurities subside, the njiper portion 
being ladled into ingots and marketed as refined tin, containing 
1)9 to pci' cent. .Sn. 

Grain tin is relined tin which lias been heated to a tempera¬ 
ture at which it.becomes brittle and has been broken into frag¬ 
ments. The less pure grades of tin (common tin) are cast from 
the middle portion of the contents of the pot. The crude tin, 
whether that left on the liquating hearth or that separated at 
the bottom of the refining pot, is known as “ hard head ” ; it 
< ontains about (H) per cent. F'e, 18 per cent. Sn, 20 per canit. As, 
and 2 per cent. S, and is re-worked for the tin it contains. An 
ingot of pure tin should be smooth and rounded, sharp edges 
and a frosted surface indicating the presence of impurity, and if 
this be very great the colour may be of a yellow or purple tint. 

Promising attempts have been made recently to “ Bessem- 
erise ” “ hardhead.” By blowing air through the molten material 
there is produced a highly ferruginous slag, fume rich in arsenic, 
and impure residdhl tin. 

Recovery of Tin from Tin Plate Scrap.— Electrolytic methods 
of smelting tin ore or of refining the crude metal havc'np indus- 
triab existence. Methods have been proposed, however, for 
treating tin scrap, not only to recover the tin, but to leave the 
iron in a condition suitable Ojr subsequent treatment in the 
open Aearth furnace. One cltbtrolytic method is that in which 
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the tin scrap is made the anode in a caustic soda solution, whereby 
the tin dissolves as stannate, and is subsequently deposited in the 
metallic state. The process is attended with numerous difficulties, 
however, owing to the rapidity with which the causti(- soda be¬ 
comes inactive through absorption* of carbon dioxide, and to 
electro-chemical difficulties arising from the necessity of‘keeping 
the bath warm. More promising processes are those in which 
a solution of ferric chloride {Browne and Neil 'process) or stannic 
chloride {Bergsoe. process) is used as a solvent for the tin. In 
the former a solution of ferrous and stannous chlorides is thu.s 
obtained, and is electrolysed in a series of vats, the outer cathode 
compartments jf which are of concrete and the inner anode one.s 
of porous earthenware. The cathodes are of pure sheet-tin, anti 
the. anodes of graphitised carbon. The chlorine liberated at the 
anodes oxidises the ferrous chloride to the ferric state, and thus 
re’generates the leaching agent, making the process cyclic in 
character. In the Bergsoe process the electrolyte is a solution 
of stannous chloride, and the leaching agent is siipilarly regen¬ 
erated by oxidation of stannous to stannic chloride at ttie anodes. 
In both cases tin is deposited at the cathode in the form of large 
crystals. The Goldschmidt chlorine process is purely chemical. 
The tin scrap, absolutely free from moisture and all organic 
matter, is pressed into bundles, packed in baskets, and lowered 
into a large upright cylinder. Chlorine gas is forced in under 
pressure, and is rapidly absorbed by the tin with evolution of 
so much heat as to necessitate the cylinder being cooled. When 
absorption is complete the residual chlorine and stannic chloride 
are expelled in the gaseous state, and the bundie of scrap iron, 
after washing, is ready for treatment in the open hearth furnace. 
Where chlorine is available the process is to be preferred to the 
electrolytic methods. 

4. Uses of Tin. —The metal is seldom used iilone, save for 
tubes and linings coming into contact with mineral and aerated 
waters ; it is used for this purpose on account of the circumstance 
that it is one of the metals which are not attacked by water. 

Pure tin has a specific gravity of 7‘29 ; its melting point, as 
already stated, is 232“ C. It is brittle at ordinary temperatures, 
and is too weak as well as too costly (£160 to £180 per ton) for 
use ask a structural material. It is malleabie ri 100“ C. = 212° 
F., and becomes brittle again at 200° C. 392° F. Its ma’.k.- 
ability allows of its extension to rhe form of foil. Much common 
“ tin foil ” is, however, made from lead coated on each side 
with tin and then beaten thin. , 

The chief applicafion of the manufacture of tin plate 

(p. 32).^ The resists^ncey iit ti; metal to most vegetable and 
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animal juicps, and the faet that when it is wiped on to a clean 
surface of copper it adheres as does solder, renders tin useful for 
lining cooking vessels. Its chief alloys are gun-metal and bronze 
(sec Voftpt’.r, p. '2()4), solder and pewter (see Jje.ail, p. 284), and 
Britannia metai, which usually contains about 90 per cent. Sn, 
8 per cent. Sb, and I to 2 per cent. Cu. Speculum metal (for 
metallic mirrors) is a white, hard, brilliant allov, of 2 parts of 
copper and 1 of tin, .sometimes hardened by tlie addition of 
arsenic ; the tin thus hardened will take a good polish and can 
be electro-plated. 'I'in-amalgiim (from tin foil and mercury) is 
used for making mirrors, and is prepared from tin tontaining 
from 1 to 2 ])er cetit. of copjter which hardens it /.p. .323). 

Other alloys of tin arc dealt with under copper iind lead. 
Oi;ain tin is made for the express purpose of producing “ chloride 
of tin ” (stannous chloride, tised as a mordant), its finely-divided 
condition aiding its dissolution iit hydrochloric acid. 

When tin is exposed to very low temjteratures its cry.stals 
become diflu''entiated and tlu! metal assumes a gresy appe.'H-ance 
(f/rcy Im ); its s})ecific gravity in this condition is ,o-7, biit the 
metal reverts to its normal state wIkmi heated, 'riu? spontaneous 
disintegration of tin which has been observed in cold climates 
may be accounted for by its conversion into the grey crystalline 
variety. At ordinary temperatures common white tin is in a 
metastable condition, but the change to stable grey tin takes 
place with extrem(! slowness ; the rate of change, however, is 
accelerated by lowering the temperature. This grey vaiiety is 
the stable form of tin below 20'' C. ; between 20'' and 179' 0. 

I he stable form of tin is tetragonal, while above 170’ it is 
rhombic. 


-ANTIMONY. 

Sources of Antimony. —This metal occurs native, to a trifling 
extetit, in massive form, associated with gold, silver, and arsenitL 
It occurs as sulphide in grey antimony ore {stUmiie). This is 
the moat important ore of antimony, and consists essentially 
of the sulphide, Sb^,S.,. , It resembles galena in colour, but has 
a lower speciflci.g.avity—viz., 4-7. It is found in Australia, 
Borneo, Japan, Gtyriiaiiy, France, Italy, and Hungary. The pure 
sulphide contains 72-8 per cent. Sb ; the ores actualh' vvorked 
may /lonlain about .50 per cent. Tl^oantimonites of different 
metals also otamr naturaJI}’— e.g., •pyrargyrite, 3AgoS . Sb^iSj; 
jamenonUe, 2PbS . Sb^S-j. < 

Oxidfs of antimony form variMis rainera^, such as Senarmonlte, 
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SbjO;), and antimony ochre, SboO^. Red antimony or kermes 
mineral is an oxysulphide, SboS.j. Sb.O ,. 

Winning of Antimony. —Antimony ores are usually rich enough 
to be worked directly, but a concentration process is jiractic- 
able, and has been applied; tKis depends on the fusibility of 
antimony sulphide, which caiifbe liquated from the gangwe (see 
Liqmtion of Tin, p. 300). The liquation may be carried out in 
a reverberatory furnace, or in crucibles with an e.xit tube from 
the lower part, or in vertical retorts worked continuously. The 
liquated antimony sulphide is called “ crude antimony,’' the 
metalrttself being known as “ regulus of antimony.” As in the 
case of leiftl and copper, the sulphide and o»ide of antimony will 
react with each 8ther at a high temperature, with the production' 
of free metal and SO.,. This is sometimes taken advantage of 
in the self-reduction process. For this purpose the antimony is 
routed until part of it is oxidised to Sb^Oj, which is then heated 
in crucibles with raw ore, the following reaction occurring :— 

3.Sb.,Oj + 2 ,SIj.,.S 3 = lOSli + (i.SO,. j 

It is usual to cover the contents of the pot with a mixture ol 
charcoal and sodium carbonate (or with tartar as an equivalent). 
It is probable that the reduction may be partly due to the removal 
ol the sulphur by the alkaline carbonate. 

The reduction of antimony is more usually effected by the 
use of iron, as in the so-called “ precipitation ” process for 
smelting galena (p. 273). Any considerable excess of iron is 
.avoided, as it is soluble in metallic antimony. 

The ground ore is mixed with about one-third of its weight of 
wrought-iron scrap (tin-plate cuttings), one-tenth of its weight of 
salt, and some.slag from a previous fusion ; the mixture is charged 
into firgelay crucibles, holding about \ cwt. apiece. The actual 
amount of iron required is determined by analysis, and a slight 
excess is used. A ball ,of scrap tin plate is put into the mouth 
of the crucible,, a trace of tin in the antimony whitening the metal 
and improving its crystalline appearance (v.i.). Forty such 
crucibles are introduced through the holes in the roof of a long 
furnace having a hearth at each end. As the charge melts, the 
ball of scrap tin is pushed dowp, and in^bout three hours the 
reduction is complete. The mam reactioh is j^oresented by the 
following equation;— 

.Sb,S,, -f- 3Fo = 2.Sb 3FoS. 

The contents of the crucible is then poured into an iron niould, 
and when it has set th« slag is, kneel«ed off from the metal collected 
at the bottom. This metal is fir([>wn as “ singles,” and emntains 
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about 91-5 per cent. Sb, 7 per cent. Fe, and 1 per cent. fcj. It is® 
broken up and submitted to the process of “ doubling,” for 
which about 80 lbs. is charged into a crucible, together with 
7 or 8 lbs. of liquated sulphide of antimony and 4 lbs. of salt, 
which may with advantage be kelp-salt.’" The antimony sul¬ 
phide is added in order to convert the iron of the crude antimony 
into sulphide, a corresponding quantity of antimony being 
obtained as metal. The fused mass is skimmed and the metal 
cast. 

This metal contains 99'5 per cent. Sb, 0-2 per cent. Fc, 0-2 per 
cent. iS, and is known as “ starbowls.” 

The process of refining antimony is known as *’ starring,” 
•uecause the finished metal has a stellate crvstiflline appearance. 

It is carried out by freeing the metal obtained in the “ doubling ” 
process from slag, and charging about 80 lbs. of it into the cruciblc.s 
nearest the lire of the same furnace as is used for the preceding 
operations, together with 8 lbs. of “ antimony flu::,” which 
consists of crude potash njeltod with liiiuated antimony sulphide. 
This flux removes the remaining Fe and S ; the elliciency is to 
be ascribed to the ease, with which thioantimonites and thio- 
antimonates are formed, the alkali sulphide uniting with antimonv 
sulphide to produce these substances. Care is taken not to 
saturate the flux, during its preparation, with antimony suljihide. 
so that it may take up its (|uota from tlie metal. !<• is revivified 
occasionally by the addition of a little potash. The jnirilied 
metal is east into ingots, and is known as “ star antimony.” 

Much fume is produced in the smelting of antimony, and is 
condensed in Hues. It consists mainly of oxides of antimony, 
and contains about 70 per cent. Sb, which amounts to about 
10 per cent, of the antimony in the ore treated. It is mixed 
with coke, and worked up with the ore in melting for 
“ singles.” 

A short process has been introduced, with satisfactory rcsult.s. 
at Mayenne, France, involving only two steps :—Fusion witli 
scrap iron to produce crude metal, followed by a refining fusion. 
The process is carrii'd out in reverberatory furnacais, and consists 
in dropping the heated antimony ore into a fused bath of iron 
sulphide and iron at a high temperature, whereby it is rapidlv 
decomposed. Separated antimony sinks to the bottom, some 
slag is skimmed fron the top, and more iron is added. When all 
the antimony is I'educed it is tapped out, the slag and a portion 
of tlie iron sulphide removed, and the remaining iron Sulphide 

• L 

* Kelp-sali is obtained in ,tho^ manufacture of iodine from kelp, and 
contains some 10 per cent, of soaium carbonate',* the balance being chiefly 
commo^ salt. 
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heated up ready for the next charge. The impure antimony is 
rehiiea by fusion with soda in a similar furnace. 

Antimony is occasionally won by roasting to oxide and reduc¬ 
tion with carbon. The process is tedious, and involves five 
stages : (1) Liquation ; (2) oxidation by roasting; the tempera¬ 
ture of roasting must be kept low, as the sulphide is very fusible ; 
(3) rwluction of the oxide with coal in reverberator)' or blast 
furnaces to yield crude mbtal; (4) refining by fusion with soda ; 
and (5) treatment of volatile oxide caught escaping from the 
oxidation roast. In modern practice the ore is sometimes 
smelteil in a water-jacketed furnace to produce a matte con¬ 
taining a fittle iron ; this matte is then treated in a small con¬ 
verter to product antimony oxide, which is subsequently reducF'd 
with coal. Antimonial lead is now sometimes produced design¬ 
edly by smelting jamesonite {q.v.) or a mixture of stibnite and 
gal«na free from silver in the blast furnace. The product sells 
for its full alloy value. 

French Volutilisation Process. —In recent years there has been 
‘ remarkable progress in the metallurgy of antimony.* The older 
process of liquating stibnite ore and precipitating the antimony 
by iron is fast disappearing. The economical treatment of 
auriferous and argentiferous ores was formerly a perplexing 
problem, but it has been solved by the simple volatilisation 
process, introduced and practised in France, and with which the 
names of Chatillon and Herrenschmidt are closely connected. 
The more modern method is to charge the ore with fuel in a 
small shaft furnace, and urge the fire with a large excess of air. 
The antimony sulphide liquates out, is oxidised, and the oxide 
(Sb^O.j) is condensed in suitable chambers and flues in connection 
with the furnace. The purity of the condensed oxide varies 
greatly ^n the different chambers of the condensers, though it 
is not uncommon to obtain a product carrying 98 to 99 per cent, 
of oxide. Arsenic oxide is the chief impurity. For reduction 
to metal this oxide is brhjuetted and charged into a reverberatory 
furnace with coke and sodium carbonate in the proportion of 
70 oxide, 7 soda, and 8 carbon. The process is applicable 
to all kinds of ore. The shaft furnace is designed on the lines 
of a gas producer lined with aluminous brick, and with a bottom 
of movable grate bars permitting the tapping cjf the partly fused 
slag. As soon as the charged o^p meets the cq'umn in the furnace 
volatilisation commences, and by the time the ..lag is raked from 
the bottom bars the antimony has been entirely driven out, while 
all the precious metals art retainedi The excess heat of the 
shaft furnace is used tcweduce the aijftinfony oxide in a contiguous 
open hearth furnace, whic^h w with chrome brick. The 
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waste heat from the latter is used for power purposes, The 
various processes, such as the Chatillon and the Herrensciiraidt, 
differ mainly as regards the arrangements for condensing the 
oxide. These include chambers, cast-iron flues, and tanks, often 
water-cooled, and cotton bags, such as are \ised in lead and zinc 
smeltefies. 

A. Germot proposes to treat molten antimony sulphide by 
injection of air in a converter. The oxygen burns part of the 
sulphur in the ore, producing SO.^ and antimony, which remains 
in the crucible. The operation becomes continuous by the addi¬ 
tion of further cpiantities of ore. The SOj escapes at the top 
of the converter, and carries with it antimony sulphide fumes, 
\.hich are condensed in special compartmentsi If, instead of 
working in closed vessels, a current of air is brought to act in 
these fumes, antimony oxide or oxysulphides are produced 
according to the proportion of air. The products are said tqs be 
suitable for use in the arts, or for subsequent treatment to produce 
antimony. 

Electrolylic Winning of Antimony. —Antimony has been pro¬ 
duced commercially in the form of plates about 2 mm. thick 
by the Siemens and Halske electrolytic process. The antimony 
sulphide in the ore is leached out with a solution of sodium- 
sulphide. The solution is passed through the cathode compart¬ 
ments of a series of cells, and the antimony deposited on iron 
cathodes. The anode compartments, separated from the cathode 
compartments by porous diaphragms, contain a solution of common 
salt, in which are carbon anodes; chlorine is given off at these, 
and is utilised for the manufacture of bleaching powder or chlorate. 
The solution passing from the cathode compartments consists 
chiefly of sodium sulphide, containing little or no antimony, and 
is used to leach a fresh portion of ore. The porous diaphragm 
prevents the oxidation of the sodium sulphide by chlorine. Other 
methods have been suggested, but not used on a commercial scale. 

Properties and Uses of Antimony.— Antimony is a greyish- 
white, hard, crystalline metal, of specific gravity 6-7 ; it melts 
at 630° C. = 1,166° F. Unstable yellow and black modifications 
also exist. The yellow form is obtained by the action of oxygen 
on liquid stibine, SbH<„ at — 90" C., and by the action of chlorine 
on stibine, both dissolved in liquid ethane (C. 2 Hj) at — 100° C,- 
Ifcis amorphous, and above — 90° C. readily passes into the black 
variety. The latter can also be prepared by the rapid cooling 
of antimony vapour, and by the action of oxygen on Stibine at 
— 40° C. It is an amorphous powder with specific gravity 5'3, 
and when heated passes'fintp the stable metallic variety. Anti¬ 
mony is but little used alone. When precipitated from solution 
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by ziik' it is obtained as a fine black powder, which is employed 
lor the purpose of imparting to plaster casts the appearance of 
iron or steel: the powder is known as “ antimony black ” and 
“ iron black.” The metal servos as a basis for the manufacture 
of salts used in the arts and in medicine {e.g., tartar emetic), 
and of its oxysulphide (antimony vermilion), which is us?d as a 
pigment (see Vol. II.). Its chief use is in hardening other metals, 
notably lead and tin, for type metal, Britannia metal, pewter, 
etc. These alloys, including antifriction metals, are (a)U3idered 
under lead and tin. 


BISMUTH. 

This metal occurs native to a considerable extent, native 
bismuth being indeed its chief source. It is found in masses 
and in veins ; small deposits occur in (!ornwall and Cumberland, 
but Bolivia, Germany, and Australia supply the largest quantities. 
Crude native bismuth contains 7 to 12 per cent. o4 the metal, 
the rem.aindei being gangue. The following ores of bismuth are 
found in limited quantities:—Oxide (bismuth ochre), carbonate 
(bismuthite), sulphide (bismuth glance), and copper bismuth 
glance (3CuoS + Bi^S^). These ores are rarely found alone, 
being u-sually associated with other minerals. 

Winning 3)f Bismuth. —Formerly bismuth was obtained by 
simply heating the ore in .sloping iron tubes, the liquated metal 
being collected in pots. The method was a wasteful one, and 
has now been entirely abandoned. A smelting method is now 
always employed. The chief difficulty that presents itself in the 
metallurgy of bismuth is the great volatility of the metal. This 
precludes the-employment of the blast furnace for the reduction 
process,*necessitates great care in calcining the ore, and renders 
necessary the use of expensive fluxes to form slags which fuse at 
a low temperature. The application of wet methods of extrac¬ 
tion is restricted by the difficulty of dissolving bismuth and its 
compounds. 

The ore is first submitted to a concentration process. This 
is somewhat difficult, owing to the brittleness of the minerals. 
An efficient system of hand-picking i,« usually adopted, while 
magnetic separation has also been successfully^.pplied when the 
gangue is of a suitable nature? The ore is f-Jten crushed to an 
approprjiite size and roasted. Bismuth minerals do not lend 
themselves to roasting in ^eaps and kilns, and for this purpose 
long he.arth8 or multiple h^rth reverbgratory furnaces are used. 
Constant rabbling is n'fecessarv iv kfep the mass from agglomer¬ 
ating, while^arsenic and anttmony tjiust be eliminated by r^ucing 
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arseniates and antimonates in the usual manner— i.e., by .adding 
small quantities of crushed coke. It is also advantageous to 
dampen the fuel, as the presence of steam greatly facilitates the 
elimination of arsenic and antimony by reacting with their 
sulphides, thus:— 

As, 83 '+ 3H.,0 = AsA = 3H,S. 

Oxidised ores, of course, may be smelted direct without roasting. 
The smelting process is carried out in crucibles or reverberatory 
furnaces, the former being employed only when small quantities 
of ore are handled. Any small reverberatory furnace may be 
adapted to the treatment of bismuth ores. 0\Ving to the pene¬ 
trating nature of the molten metal, however, it is advisable to 
employ a furnace specially designed for the purpose, in which 
the bed consists of successive layers of sand fritted together and 
saturated with slag. The charge consists of a mixture of ore. 
soda, oxide of iron, lime, old slags, from 3 to 5 per cent, of crushed 
coke, and sometimes a little fluor spar. The mass boils during, 
reduction, and when the reaction is over the temperature is 
raised rapidly, and the molten material run into moulds in which 
the different constituents separate. The products of this opera¬ 
tion are generally crude bismuth, matte containing most of the' 
copper, speiss containing arsenic, nickel, and cobalt, and slag, 
A precipitation process of smelting similar to that used for lead 
was formerly employed, but has now been abandoned. 

A wet method of obtaining bismuth from oxidised ores, such 
as bismuth ochre and bismuthite, consists in dissolving the 
material in hydrochloric acid to saturation, and. precipitating 
the metal by metallic iron. The black sludge thus produced is 
washed and fused in a crucible. When argentiferous lyad con¬ 
tains bismuth, the last part of the cupellation slag contains the 
bismuth, which is less easily oxidisable than lead. This “ black 
litharge ” is extracted with hot hydrochloric acid, leaving in¬ 
soluble chloride of lead (and of silver if present), and the solution 
is precipitated by the addition of much water, a bismuth oxy¬ 
chloride being thus obtained, which is reduced by fusion with: 
charcoal and an alkaline flux. 

The Refining, of Bl^tnuth. —Saxony bismuth may contain over 
99 per cent, of biimuth, frequertly as much as 99'7 per cent., 
the chief impurities being As, Cu, and Ag. Cruder samples, froiA 
Pewi and Australia, containing 93 and 94 per cent. Bi, 3‘to 4 per 
cent. Sb, and some 2 per pent, of Cu,^may be purified by liquation, 
on an inclined iron plate, i 

The method adopted to pprify the metal is exactly similar to 
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that t-mployed in softening and refining lead (q.v.) —namely, 
exposure of the molten bismuth to the oxidising iiiHuenee of the 
atmosphere. The impurities have a greater affinity for oxygen 
than bismuth, and are removed from the surface as dross. A 
method .sometimes employed consists in melting the crust metal 
m iron kettles under a layer of NaCl, KCl, NaOH, and sufficient 
bismuth oxychloride (BiOCl) to convert the lead to PbCL„ a 
corresponding amount of bismuth being set free. Antimony is 
removed in the same way with a flux of soda, potash, and sulphur 
sodium sulphantimonate being formed, whilst for arsenic the flux 
used is caustic soda and nitre. 

AVfien specially’' pure bismuth—e.y., for medicinal purposes'*-rs 
needed, modes of purification specially adapted for each impurity 
to be eliminated are employed. Thus, according to Matthey, 
ai-jenic may be removed by stirring the fused metal, kept at a 
temperatiire of 395“ C. = 743“ F. in contact with air, the whole of 
the arsenic being eliminated by volatilisation as oxide at 513“ 
C. = 955“ F. Antimony rises to the surface of fused bismuth as a 
film rich in antimony which can be skimmed off, the temperature 
most suitable for the operation being 350“ C. = 662“ F. The 
antimony oxidises during this process, and forms a glass con¬ 
sisting largely of oxides of antimony. Copper can be got rid of by 
fusing the ijetal and stirring in sodium sulphide, a slag containing 
3opper and some bismuth being formed. The skimmings contain, 
on an average, about 10 per cent, of the bismuth treated, and are 
re-worked. For the removal of gold and silver about 2 per cent, 
af zinc is added to the fused metal, as in the Parkes process for 
lesilverising lead (p. 280). The skimmings are fused with borax 
lor the recovery of the precious metals. Argentiferous bismuth 
may also be'refined by pattinsonising (p. 278). When a metal 
approximately chemically pure is required, a wet process is 
probably most suitable, the bismuth being obtained as a basic 
salt which is reduced with pure reducing agents and fluxes. 
Bismuth containing 99-9 per cent. Bi can be thus 
obtained. 

Properties and Uses of Bismuth.— Bismuth is a greyish-white 
metel of specific gravity 9-8, characterised by the ease with 
which it crystallises (in cubes often arranged in hollow pyramids 
like NaCl). .It melts at 268° C. = 511“ F,*aiid expands con¬ 
siderably on solidifying. * . 

Bisniurh, lead, tin, and cadmium form simple alloys with each 
other—he., their mixture* consist of pure metals and eutectics. 
These alloys melt bflow the boiUng* point of water, and are 
known as “ fusible metals,” •■oul are used largely for stereo- 

-yping- . 
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Wood’s Metal. 

Lipowltz 

Aleta). 

-f 

Rose’s Metal. 

Biamuth, 

4 

15 

2 

Lead, .... 

2 

8 

i 

Tin. 

1 

4 

f 

Cadmium, 

1 

3 

0 

Melting jxiint, . 

00 •O'” c. 

(50^ C. 

!)4“ C. 


Their melting point can be still further reduced by th'j addition 
of mercury. Bismuth is also used in the manufacture of a soft 
solder, used in soldering pewter, while alloys with lead, tin, and 
antimony are made which fuse at some particular temperature 
above 100° C., and serve as safety plugs for boilers and automatic 
sprinklers. In conjunction with antimony, bismuth is,used for 
making thermo-electric couples. Bismuth salts are largely used 
for medicinal purposes ; the oxychloride is used in face powders, 
and the nitrate for cosmetics. The oxide is used to a small 
extent in making porcelain colours, and in the manufacture of 
glass for optical purposes. 


NICKEL. 

The most important ore of nickel is a mineral consisting of 
magnetic iron pyrites (Fe.,S 4 —pyrrhotite), containing nickel in 
place of iron to the extent of about 3 to 8 per cent.; this is 
associated with chalcopyiite (copper pyrites, Cu^S . re.,S.,). This 
nickel ore is free from arsenic, and contains a trsice of cobalt 
and platinum.* It is found at Sudbury in Canada deposited in 
diorite, a rock composed of hornblende and triclinic felspar. 

Gamierite. —This is an hydrated silicate of nickel and mag¬ 
nesium, found in New Caledonia and the Ural Mountains, of a 
composition corresponding approximately with the formula 
NiMg(Si 03 ).j 3 H.. 0 . The proportion of nickel to magnesia is, 
however, not strictly in accordance with this formula, and the 
ore i.s commonly associated with oxides of iron and siliceous 
gangue. The pei'.hntage of nickel ranges from 1 to 35 per cent., 
averaging about \0 per cent. Ahother ore, also found in New 
Caledonia, but of less importance than gamierite, contar.ip cobalt 
and manganese in addition to nickel. Gamierite is remarkable 
for being almost the only nickel ore which is practically free from 
cobalt. 

• A3|Si>crrjftte, ace p. 3'*a. 




WINNING OF NICKEL. 311 

ArSenides, antlmonldes/aiid sulphides of nickel have been 
longer known as sources of the metal than have the two fore¬ 
going ores. These constitute the European ores, and occur 
principally in Saxony, Bohemia, and Scandinavia. Kupfer-nickel 
(NiAs), specific gravity 7‘4, antimonial nickel (NiSb)^ nickel 
glanae (Ni(AsS).^), nickel blende (NiS), and nickeliferous iron 
pyrites arc examples of this class of ore. 

Winning of Nickel.— Nickel, standing metallurgically between 
iron and copper, can be won by processes analogous with those 
proper to both the latter metals. Thus, sulphide ores may be 
run to a^attc (although this cannot be self-reduced), and oxide 
ores directly reduced to crude metal. A similar relation, is 
evident in the behaviour of nickel when treated by the wet 
methods of extraction, which resemble those for copper, although 
tlys process will not serve for the direct precipitation of nickel 
as metal, its similarity to iron preventing such easy reduction. 
The stability and volatility of nickel chloride (NiC’h) and the 
existence of nh^kel carbonyl, NifCO)^, have led to suggestions for 
winning nickel directly by the volatilisation of the metal from 
the ore in the. form of these compounds. At the present time 
nickel is mostly obtained from garnierite and nickeliferous 
pyrrhotitc and chalcopyrite. European ores are now very little 
worked. , 

Extraction of Nickel from the Sudbury Ores. —As examples of 
these ores the following analyses may be quoted — 






1. 

2. 





Per cent. 

Percent. 

Silics, 




13'44 

24-55 

Iron,. 




39 02 

.35-18 

Sulphur, . 




26-26 

18-27 

Copper, 




4-31 

1-43 

Nibfcel, 




5-57 

3-74 

Alumina, . 




4-49 

8-02 

Lime, 




2-28 

2-06 


About O'l per cent, of cobalt occurs in those ores. 

T'he ores are crushed and hand-picked into copper ore and 
nickel ore; the latter is roasted in heaps for several weeks until 
the sulphur is reduced to about 7 per cent, and the bulk of the 
iron oxidised. The ore is next put through a water-jacketed 
cupola in which the siliceous gangue is fluxfd )iy the oxide of 
iron, alumina and lime, and iSie sulphides o? foppef, nickel, and 
iron rvui-down to a matte of the following eproposition :— 

Percent. 

Coi>per, . . . . 20 to *25 

Nickel, .f . 18 to 2.3 

Iron, ( . . 25 to 35 

.Sulphur, ... , . 20 to 30 
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The fused matte is tapped into a pot and the slag sepfftated.' 
The matte is next refined in a Bessemer converter similar to 
those used for copper mattes (see Copper, p. 248). During 
this part of the process the, iron is oxidised * and fluxed, and a 
matte corresponding with “ fine metal ” (see Copper, p. 245) 
obtained, having the composition Cu 45, Ni 40, S 5 to 15 perocent. 
Owing to the fact that nickel sulphide stands between iron 
sulphide and copper sulphide in respect of the ease with which 
■it is oxidised, care has to be taken in stopping the blow at the 
point when the iron is completely oxidised. As there ,is no 
definite indication when this point is reached, the suctoss of the 
operation depends wholly on the judgment of th'^ workman. 

The Bessemer matte serves for the production of Ni and Cu 
alloys—e.f/.; German silver—for which purpose the sulphur is 
removed by roasting and the substituted oxygen by reductjpn 
with charcoal, or other carbonaceous matter. The resulting 
alloy, consisting of 50 per cent. Cu and 49 per cent. Ni, is very 
similar to nickel in appearance, but has a lower melting point. 

For the separation of nickel from the Bessemer matte two 
processes are in use—viz., the Orjord process, also known as 
the “ tops and bottoms ” process, and the Mond process. In 
the former the matte is mixed with coke and salt cake (crude 
sodium sulphate)—50 tons of matte, 30 tons salt cake, and 7 tons 
coke—and smelted in a blast furnace or a magnesia-lined open 
hearth reverberatory furnace. The fused mass is tapped out 
and allowed to separate into two layers. The top layer (“ tops ”) 
consists of a solution of copper and iron sulphides, in sodium 
sulphide, the latter being formed by the reduction of salt cake. 
The bottom layer (“bottoms”) consists essentially of nickel 
sulphide, with small quantities of iron and copper: it may need 
resmelting into tops and bottoms. The nickel sulphide is then 
roasted “ dead ” with the addition of a little nitre and salt. The 
latter converts any copper into chloride which is afterwards 
leached out. The residual nickel oxide is reduced to metal as 
described later. The “ tops ” is treated for the recovery of copper 
and sodium sulphide. The Mond process depends on the forma¬ 
tion and decomposition of the volatile nickel carbonyl, Ni(CO) 4 . 
The Bessemer matte is cjushed and roasted in mechanical furnaces. 
The finely-crushed roasted material is, then leached with dilute 
sulphuric acid, whicTi removes th'b greater part of the copper 
(about two-thirds). The dried residue, consisting of (Jxides of 
nickel, copper, and iron is then exposed to the reducing action 
of water gas (CO -)- Ho) at a |temperature pf 300° to 400° C. in 

* The greater ease with which iron.is,oxidised and converted into silicate 
than is iti'kel, is utilised in this and similar sepa-fations. 
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a towlt containing a series of shelves, the roasted material being 
made to fall from one shelf to another by means of rabbles. The 
reduced nickel, which also contains metallic copper, and probably 
some oxide of iron, is then passed by air-tight conveyors to the 
“ volatiliser,” which is very similar to the reducing tower, and 
converted into the gaseous carbonyl by exposure to carbon 
monoxide at a temperature of about .50° C. The carbon mon¬ 
oxide is prepared by passing the gas from the “ reducer ” over 
red-hot carbon. The ga.seous product is then carried forward 
into tlie “ decomposer,” u cylindrical vessel containing nickel 
granules, •where it is exposed to a temperature of 2(X)‘ C. In 
this way niekel*is deposited on the granules, which arc kept in 
motion by the constant withdrawal of some of them from the 
bottom of the v(!ssel by means of a worm conveyer. Tin; gas 
from the ” volatiliser ” is filtered free from dust before passing 
to* the “ decomposer,” and after decomposition the carbon 
monoxide is again used for extracting more nickel. The residue 
in the "volatiliser” must be returned to the reduc«r, and thus 
kept in circulation for several days before extraction of nickel 
is complete. 

Extraction of Nickel from New Caledonian Ore (Garnierite).— 

As the ore is a double silicate of nickel and magnesium, free from 
sulphur, an obvious method of treating it consists in reducing 
it with Carlton, using limestone as a flux, in a blast furnace, thus 
obtaining a crude metal corresponding with cast iron. The 
composition of the ” fonte ” obtained in this manner is given 
below':— 


Nickel, . . . • 

Iron, ..... 
(Jraphitc, .... 
Snlpliur, . . . ■ 

Aluminiiiii), 

Magnesium, 

Oxygen ami combined carbon. 


Pel- cent. 

70-70 
±>•00 
1-78 
I -ti') 
i-:t7 
010 
1-88 


The crude metal may then be converted into a sulidiide matte 
in a manner similar to that about to be described. 

This process, though simple in prinedple, has pi'oved unsatis¬ 
factory in practice owing to the refractory charac:toi' of the nickel 
and its slagg, which arc rich in magnosim*»An improveinent 
consists in winning the nickel as a sulphide .matte by running 
down the ore with half it.s weight of g 3 'p.sum or alkali waste and 
20 per cent, of coke. Th%nickel is thus converted into sulphide 
and a portion of the ^rou fluxed as^silkate. The resulting matte 
contains 50 55 per cent. Ni, 20 to 30 per cent. Fe, and 16 to 

18 per ceixk.‘.f^. It is ('•■efined citiJer in^a Bc.ssomer conv^r^er, or 
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‘tempAra.ture in a reduciiij' atinosplierc, the .arsenic is volatilised 
and a portion of tlie nickel reduced to metal. This material still 
fontains 1 to 2 per cent. As, which is removed by fu.sion with 
sodium nitrate and carbonate an<^ subseiiuent washiii}; with 
water, bein){ thus dissolved as sodium arsenate. The, nickel 
oxidi^is then reduced. 

Much speiss is imported to Rirmiiifiham. wliere it is fused 
with lime and Huor spar, ground and roasted to fre(! it from 
liiost of the arsenic. The subsequent treatment is dcsip;ned 
for tl^^ recovery of the cobalt; the roasted speiss is dissolved 
in hydro«hlori(^ acid, the iron in the solution peroxidised by 
bleaching powd«r, and chalk is added : this precipitates both 
iron as basic carbonatt; and arscmic as ferric jirscmate. 'I'he co[)j)er 
is thrown out by H.jS, the solution again peroxidised by bleaching 
powder, and lime added to neutralise tlie hydrochloric acid 
liberated.by the precipitation of the cop])er. Cobalt peroxide 
is thus thrown down, it being more readily formed than the 
corresponding nickel compound. The nickel still ii» solution is 
precipitated as the normal oxide by milk of lime. 

In the reduction of nickel oxide, obtained in any of the abov(^ 
processes, it is not generally economical to fuse the resulting 
metal, as its melting point is high {about 1,130" It is, there¬ 
fore, usual ^to make the oxide into a paste with charcoal and 
carbonaceous material, such as flour or oil, and compress it into 
slabs which arc cut into small cubes, the shajx' of which is retained 
by the metal when reduced. With modern regenerative furnaces, 
however, nickel can be completely fused and obtained as cast 
met-al. Commercial nickel is never pure, but contains, like iron, 
carbon and silicon. The following are analyses of cast nickel:— 


Carbon, 

Silicon, 

Iron, 

Sulpliiir, 

Nickel, 

Copper, 


1 . 

11. 

Fer ofiit. 

Ter fciil. 

110 


oi:i 

oil) 

010 

0-30 

0">() 

007 

!is-;io 

9S(W 


0-7(5 


Electrolytic Processes: Refining Nickel.— 'lln^ electrolytic 
winning of nickel from its ores has not -' ct been accomplished. 
Within the Ust few years, however, the rejiutng of nickel Jias 
been practised in this country and in America. A good deal of 
secrecy’has been maintained regarding the detads of these pro¬ 
cesses,' but it mav be takemthat they are substantially as folWtis : 
■ —The anodes are o^copper-nick^ ..Hoy, obtained by roasting 
and reducing ilessemer matte as mentioned above. Cast cakes 
. of the mat«B itself have also beenWd jvith more or less^jj^cess. 
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The cathodes are of thin sheet-copper, and the electroljd;# is art 
acid solution of the mixed sulphates or chlorides of copper and 
nickel, made by dissolving the matte or alloy in some suitable 
agent. The solution is heatgd and kept in circulation, and during 
electrojysis copper is deposited, while nickel and a little iron 
remain in solution. Arrangements are made for maintaining 
the strength of the electrolyte. When sufficiently rich in nickel 
the latter is withdrawn, and the remaining copper and iron pre¬ 
cipitated by suitable means. The nickel solution is then made 
ammoniacal, and electrolysed, while hot, between anodes of lead 
or carbon abd cathodes of sheet nickel. The strength of the 
eleptrolyte is maintained between certain limits, rnd the ampionia 
recovered by boiling. Electrolytic nickel persistentl} retains 
iron ; its composition may be judged from the following analysis 


Ni, . 
Cu, 
}’e, . 
■ 


09-20 

(1-14 

0-.')8 

0-03 

99-05 


The Orford Copper Company are reported to be using a process 
in which the anodes are of crude nickel sulphide obtained in the 
“ tops and bottoms ” process, a solution of nickel chloride serving 
as the electrolyte. Their method of dealing with the liberated 

sulphur is not kirown. . 

Successful experiments have been made at Sault Sainte Marie, 
in which ferro-nickel is produced by the electro-thermal smelting 
of Canadian nickel ores in the Heroult furnace {(j.v.), and it ii 
stated that the method is capable of commercial application. 

Properties and Uses of Nickel.— -Nickel has a specific pavitj 
of 8-8; fuses at about 1,430° C., and ranks below iron in elec 
trical conductivity. Nickel greatly rescmbles iron, differing fron 
it mainly in its stability in air and water. It stands next t< 
manganese in hardness, it is magnetic at ordinary temperatures 
but not at temperatures above 250° C. = 482° F. Cast nicke 
is not very malleable, owing to the presence of dissolved oxide 
but may be improved in this respect by fusion with a powerfu 
reducing metal—e.jf., magnesium, aluminium, or nianganese- 
their action recalliiBg tlftit of phosphorus upon o-ver-refined coppei 
p, 252. The metal ‘tan be readily welded. Nickel'is principall; 
used for alloying ^'ith copper to produce nearly white,, ajloys o 
the. Oerman silver class, its whitening effect being remarkable.* 

* An alloy containing nltont 66 per cent. Ni anil 33 per cent. Cii, whic 
iireatlv resembles nickel in appearince, is sometimes ignorantly or wittmgl 
offered in its place. It may be detected by the fact tliat it is not attracte 
by a i"s.t,-iet. 
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It js probable that a compound of tliese two metals exists 
corresponding with the formula CuNi. The alloys generally used 
contain less than 25 per cent, nickel. Coinage nickel consito 
of Cu 75 per cent, and Ni 25 per cent., and is white m spite of the 
large proportion of copper. This alloy has also been used^ for 
locomotive firebox platc.s. Copper containing 5 per cent. Ni is 
used*for the driving bands of projectiles, and with 3 per cent, bii 
for locomotive boiler tubes. German silver varies much in com¬ 
position, its value increasing with the projiortion of nickel. It 
may be regarded as a nickcliferous brass, and ranges between the 
limit# Cu 40 to 70, Zn 15 to 35, Ni 6 to 30 per cent. The impuri¬ 
ties commonly present arc lead, iron, and tin, and their effect is 
much the same*as on brass (q.v.). These alloys consist of sij^le 
homogeneous solid solutions, and as .such possess a high electrical 
resistance. Among the special alloys i\hich are used foi electrical 
resistanci' may be mentioiu'd ■ 

Coustantan. . l><» % t'u. 40% .\i. 

Platinoid, . . 00 % Cu, 14% Ni, 24% Zn, and tungsten. 

Nickclin, . . 74‘u% Cu, 2o% Ni, 0'”>”n te. 

ilanganin, . 04 % Cu. 12% Ni, 4% Mn. 

Nickel is largely used (or the inanufactun^ of nic'kel steel (see 
pp. 28, 221), in which the amount of nickel varies from 1 to 
26 per cent., according to the use to which the steel is to be put. 
Guillaume 4ia8 found that the addition of nickel to iron causes 
a decrease in the coefficient of expansion of the metal until the 
proportion of 35 per cent, nickel is reached, after which the co¬ 
efficient rapidly increases. It is thus possible to prepare alloys 
possessing any desired coefficient of expansion. Guillaume s 
“Platinite” containing 46 per cent. Ni and 0-15 per cent, of 
carbon has the same coefficient of expansion as glass, and has 
entirely replaced platinum in the manufacture of incandescent 
lamps. Another ferro-alloy, “ Invar,” containing 36 per ceht. 
Ni, and 0-2 per cent. C is practically non-expansible by heat. 
The resistance of nickel to rust has led to its use for plating of 
other metals by electro-deposition. Its resistance to fused a kalies 
renders it applicable for laboratory vessels. A new alloy of 
copper and nickel, containing 70 per cent. Cu and 30 per cent. 
Ni “Monel metal,” is now coming into commercial use for a 
variety of purposes (see p. 28). It is mjde liyicct from Sudbury 
ore. * 

COBALT. 

This metal so newly resembWnuflkel that the metallurgy of 
;the two may be conveniently taken together. It is mostly a 
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bye-product in nickel works, being separated as already do^.rib* 
after the removal of the remaining constituents of the’or8. Del 
nite cobalt ores are smaltine or speiss cobalt (tin white coball 
CoAs.j, cobalt glance, CoAsS, cobalt bloom, Co 3 As._,Oj (the norm 
arsenate), black earthy cobalt, consisting of hydrated oxides i 
cobalt, and manganese and cobalt pyrites. The metal itself 
more strongly magnetic than nickel; it has a specific gPavil 
of 8-9, and a melting point of about 1,460° C. In the metall 
state it is chiefly used for plating, yielding a better coatiri 
than nickel. Its main use, however, is in the production < 
pigments (q.iK, Vol. II.), for which purpose the peroxide separate 
in the systematic extraction of nickel already described*is worke 
up^ Cobalt ores are worked on the same geneifal lines as^thos 
of nickel, but a process depending on the stability of cobal 
chloride has also been utilised. The arsenides and sulphides ai 
roasted, ground, mixed with ferric chloride, made into a past 
with ferrous chloride, moulded, dried, and calcined. A chlor: 
Dating reaction typified by the following equation occurs :— 

CoO 4- FeCb = CoClj 4- FeO. 

The cobalt chloride is leached out and worked up by the we 
method described above for thc'*separation of nickel and cobalt. 


MEKCURY. 

Mercury is found native, both alone and as an amalgam witl 
silver. Native mercury may occur collected in cavities, or in ; 
finely-divided state distributed through cinnabar. Its <;hie 
source, however, is its sulphide (HgS), found in the form o 
Cinnabar, which is won in large quantities in Spain, Austria 
South Russia, South China, and California. This is a heavi 
crystalline mineral (specific gravity 8‘2), red or brown in colotu 
It is sometimes found in a black amorphous form {metacinnabar) 
the two varieties corresponding with the red and black form o 
HgS prepared in the wet way. 

Methods of Winning Mercury from Cinnabar.— Owing to th( 
ease with which mercuric oxide is decomposed, mere roastinf 
of cinnabar yieldij SO,, and Hg, not HgO. The removal o 
■sulphur may be affected by other reagents than oxygen—c.y. 
lime and iron. Th/o types of process for winning mercury fron 
■cinnabar may, therefore, be distinguished. ” 

1. Removal of the Sulphur by Roasting in Air.— The crudesi 
method of effecting this coniists in roasting the ore in heaps, 
enclosed by brickwork, and provided with flues similar to thosf 
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som^dmes used for cokin'* coal (see Coke, Vol. II.). The mercury 
volatilised from the lower portion of the heap is condensed in 
the upper layer from which it may be washed on a sieve, the 
ore-dust and mercury being washed through, whilst the coarser 
.portion is used for the lower layer ofjthe heap next to be roasted. 
The process is adapted for treatment of copper ores (jphlerz) 
which contain from 0'5 to 17 per cent. Hg, and are afterwards 
to be worked for copper. In better processes the roasting is 
carried out in an enclosed furnace, and the mercury vapour 
condensed from the flue gases by passage through a series of 
receivers or chambers. Thus at Idria, by the old process, cham¬ 
bers like "those shown in Fig. -17 serve for the condensation of 
the vapour exprtled from the ore (containing 10 to 12 per cgjit. 
Hg), which is roasted on the shelves, a, b, c, disposed over the 
grate, A. The final chambers, D, are provided witli water 
cajeades to complete the condensation. The, mercury collects in 
an underground channel. In the more modern Idriau furnace a 



Ki)?. 47.—01(1 nK'icuiy furiiaoe at Idria. 


II, h, r, .Slieivcs ; A, (natc ; (condensing cliiirabers ; D, water 
tdiambeis ; K, a|>(Tl(ire for escajie of gases. 

continuous distillation is effected in a cylindrical kiln charged 
at the top through a hojiper, and connected with six condensing 
chambers externally cooled by water. I'lie spent ore is raked 
out through bars tit the bottom of the furnace, ^nd fresh charges 
introduced by tlie hopper. II hen once started, the reaction 
HgS 0., - Hg + (SO., continues, as it is exothermic, but the 
heating, effect is supjilcmented bv the coijibustion of about 1 per 
cent, of chawcoal added to the (ire charged. ^6r poor ores, wfeich 
contain so much gangue that the combustion of their mercuric 
€ulphifle*is insufficient to maintain the temperature of reacti^, 
heating from some sourc* other than the combustion of 
is requisite. The direct admixtuje «f fuel is not advisable, as 
eufficient oxygen: for the combustion both of it and of the Hgb 





would be difficult to supply, and HgS would be sublimed uri-* 
changed. This necessitates the use of a reverberatory iu?imce, 
by which means an ample supply of air, together with the requisite 
heat, can be obtained. The plant for winning mercury from 
poor ores (1 per cent. Hg)\,by this method includes, therefore, 
a reverberatory furnace connected with a condensing chamber, 
which is coupled in its turn with a second chamber by means 
of a wide iron pipe, cooled by an external water spray. The 
necessity for the use of air as an oxidising agent causes the 
mercury .vapour to be diluted with much nitrogen as well as 
SOj, and, therefore, to be difficult to condense. When working 
poor ores, the dilution is increased by the gases of thS external 
furpace, thereby making the use of'the compan.tively elaborate 
condensing arrangements described above inevitable. In any 
case, considerable loss of mercury must occur, as at the tempera¬ 
ture of the exit gases mercury possesses an appreciable vapQur 
tension. There is also a loss of mercury in the form, of mist, 
which is comparable with that given when many soluble vapours 
are passed tiirough water— e.g., NH^Cl and SO 3 . 

Another system of condensation is that practised at Almaden 
in Spain. The mercury vapour and spent gases are pasised 
through a series of aludels (Fig. 48), which are clay, pear-shaped 
vessels fitting one into the other. The line of aludels slopes 
first down from the kiln and then up the flue, thus 



Fig. 48.—Mercury aludels. 

a gutter being placed at the lowest point of the depre.ssion, so 
that the mercury condensed in either half of the series is received 
in a common channel. The members on the side of the series 
descending from the. kiln, which receives the bulk of the mercury 
distilled, are, provided with holes at the lower part which are 
■stopped with sand, so that the mercury may filter through, and 
thus be removed, immediately on its condensation, from the 
current of hot gases passing through the aludels. The filtered, 
mercury flows down a plane to the central ch.annel. This system 
of condensation has th? disadvantage of involving the making of 
numerous joints ('c/tte;' leaky) in c(^nuecting the aludels. 

At New Almaden, in California, coarse ore furnaces for con- , 
tinuous working consist of an hexagonal base, at three alternate 
Biaes-yf which are the hearths. Th'^ ore chamber above the •• 
hearths is cylindrical. The ojfp, mixed with about 2 per cent, of 
coke, is charged in through a hopper at the top; and when it is ^ 
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a oJiCTry-red heat the lower, spent, portion is raked out into 
the ashpit, and fresh ore charged. The content of mercury varies 
..from () to 8 per cent. Condensation is sometimes effected in 
receivers of thin glass sheet set in wooden frames, this material 
being preferable to iron or earthenlAre, at temperatures below 
the bailing point of water, as it is not attacked by the condensed 



Fig. 49.—Granitza mercury furnace.* 

sulphurous add sulphuru; acid.* “ Fines ” art treated, also con¬ 
tinuously, in a vertical furnace which is fitted with inclined 
shelves (Fig. 49). u 

The fines are delivered "from a hojjper on each side oT the 
middle partition of fhe, furnace dhd fall from shelf to shelf, 

•' '*• roarae-gi-oinecf^oies are ^iiO\. n as “ gianitz^” and fine ores 
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turning over during their progress, so that every portion is| 
exposed to the action of the hot air ascending from the^earthsj 
at the base of the kiln. The furnace usually consists of four,;" 
shafts with a common fireplace. 

In any of these processes mercurial soot (stupp) condenses 
in the'chambers. It contains about 20 per cent. Hg, both as 
metal and as sulphate, etc. It is made into briquettes witfi lime 
(to decompose the sulphate) and re-worked. 

Recent progress in the metallurgy of mercury has been in the 
direction of improved furnaces and more efficient confusing 
arrangements. Shaft furnaces, in which the ore and fuel come 
into direct contact, are now almofst universal,^ and are of the. 
continuous type, whereas formerly they were worked 'Inter¬ 
mittently. i’he Californian furnaces described above (including 
the Granitr.a furnace) are also -known as Scott furnaces, from 
the name of their designer, and modifications of them are largely, 
used throughout America. In Italy and elsewhe’- Sftirek and 
Novak furnaces are mostly used, and are essentially the same iii 
construction. The furnaces used for fine ores somewhat resemble 
the old Gerstenhofer calciner (see p. 241). One adyaiitage of 
these modern shaft furnaces is that much less ‘ soot is produced 
than with the older type, especially when carbonised fuel (coke) 
is used. It is claimed that with their use the loss of mercury 
amounts to only 4 per cent. For fine ores which form much dust, 
and for lump ores which decrepitate, shaft furnaces are not suit¬ 
able, and reverberatory furnaces are necessary. These are auto¬ 
matic, and are worked continuously. Muffle furnaces are now 
seldom used. Modern condensing arrangements take the form 
of a suitable combination of water-cooled tubes and chambers; 
Y-shaped stoneware tubes are commonly employed, while the 
condensers used with the Spirek furnaces are often inado of iron 
and lined with cement or concrete to resist corrosion by acid 
liquors. To ensure more complete condensation, a low tem¬ 
perature and slow circulation of the gases in the condensers is 
maintained as far as possible. Another modern improvement is 
to utilise the waste heat of the cinders from the furnaces for raising 
the temperature of the air required for combustion and roasting. 

2. Removal of the Sulphur by Lime or Iron.— The winning 
of mercury from .cinnabar by distillation with iron takes place 
according to the equation— ■' 

HgS -1- Fe = Hg'-f FcS. 

A'hen lime is used to remove the sulfjhur the reaction is stated 
tobe '• N * 

[4HgS:-l-t4CaO>:4Hg:-f£3CaS:-f;CaS04, ,, 
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In jilafitioe, the ore is mixed with iron or lime and heated in 
small bottle-shaped retorts, a number of which is set horizontally 
in a long gallery furnace. The mercury distils into receivers 
containing water, the condensatio^f taking place much more 
readily than when the mercury vUpour is diluted with inert 
gase% as in the case of the roasting process already described. 
Larger charges than can be distilled from these iron bottles are 
dealt with in iron retorts similar in shape to those used in the 
manufacture of coal gas {q.v., Vol. II.). In the course of the 
distillation, finely-divided mercury and undecomposed sulphide 
come ov» with the main product, and are redistilled with more 
lime.^ * 

This method has been almost entirely abandoned, and is used 
only when a small quantity of rich ore has to be dealt with. It 
is not only costly for fuel and labour, but has a further dis¬ 
advantage in, that mercurial vapours are liable to be produced 
which are dangerous to the workmen employed. 

The purification of crude mercury is usually u« process of 
filtration, the metal being forced through wash-leather. Puri¬ 
fication may also be effected by agitation with dilute nitric acid, 
the impurities being the first to dissolve. The metal is usually 
transported in wrought-iron flasks. 

PropertlK and Uses of Mercury.—The specific gravity of 
mercury at 0“ C., compared with water at 4-“ C. = 39T° P., is 
13-546 {Volhmnn). It solidifies at —39° C. = —38° F., and 
boils at 357° C. = 675° F. The fact that its coefficient of ex¬ 
pansion is remarkably uniform fits it for the construction of 
thermometers, and its high specific gravity for that of barometers. 
It is used for the extraction of gold and silver by amalgamation, 
and for the manufacture of looking glasses. For this purpose a 
sheet oi’ tin ‘foil is placed on a marble slab carefully levelled; a 
thin layer of mercury is then spread over the whole surface, the 
glass to be “ silvered ” is slid on to the prepared table and 
weighted, being left thus for some weeks. During the time of 
silvering the table is inclined to allow the surplus mercury to 
drain away.* 

Mercury is also used in the preparation of various amalgams. 
Cadmium amalgam was formerly used as a stoppmg for teeth, 
and copper ^malgam also serves as a pl^sticf/jnaterial. It be¬ 
comes hard in a day or two (-Without expanding or contracting), 
but ca« be softened in boiling water. It has been used as a 
^stopping for teeth, and a| a cement for metalS and chinjuoaiji^ 
good deal of mercurj is also employed in the electrolytic pro¬ 
traction of cat'Stic soda. 

* Iiooitipg g! '.sses axf now truly alvcre^ with Ag, c/. p. 
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SILVER. 

SILVER ORES. —Owing to the low heat of combination of 
silver with oxygen it is not Surprising that a good deal of the 
metal occurs native, although it is frequently alloyed with (jther 
metals, such as gold, copper, and, in rarer instances, mercury. 
It is sometimes associated with antimony as an antimonide, 
varying in composition from Ag^Sb to AgjSb. Cubic and octa¬ 
hedral crystals of silver, both massive and in dendritic forms, 
occur in many localities, but are especially abui^dant in 
Norway and Peru. Native silver may contain 90 to 99-8^ per 
cent. Ag. 

Silver sulphide (Ag^S) occurs both alone (argentite) and together 
with antimony sulphide in the two forms —brittle silver ore, 
SAgrjS . SbjSa, and ruby silver ore, SAg^S . SbjS,,; light rpd silver 
ore corresponds with the latter, arsenic replacing antimony, and 
jiolybasite may be regarded as a mixture of the two, together 
with sulphide of copper. Fahlore, or grey silver, another im¬ 
portant ore, is a mixture of antimony and arsenic sulphides with 
sulphides of silver, mercury, copper, zinc, and iron. It may 
contain up to 31 per cent, of silver. 

Silver telluride, Ag,,Te, analogous with the sulphide, is found, 
as is also silver selenide. 

Silver chloride (hom silver), AgCl, is found in considerable 
quantities in Chili and Peru, both massive and as scattered 
cubical crystals. It receives its metallurgical name from its 
appearance and texture. Silver bromide and iodide sometimes 
occur associated with the chloride. 

Other Metallic Ores containing Silver. —As has been already 
stated, certain ores, notably galena, copper pyrites, and zinc 
blende contain small quantities of silver, and are worked for the 
recovery of that metal as an incident in the process of winning 
the main metal (e.g., lead or copper) in the ore. The preliminary 
stages of the extraction of silver from such ores— i.e., its con¬ 
centration before recovery—have been described in the chapter.s 
dealing with the ores themselves. The largest portion of the 
world’s supply of silver comes from the United States, Mexico, . 
and South Ameri-';a. ^Australia (notably from Broken Hill)' 
contributes a large, quota. 

WINNING OF SaVER FROM ITS ORES.--1. Geneial. Prin- 

; _ .v— -Silver is ‘one of the most easily reducible metals, owing ' 
to the circumstance that 'ts oxide is split up at a red heat,' as 
indeed is illustrated by the fact that it miay be reduced in the 
laboratory from a salt, such an silver chloride, by ^eating with.v 
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m Alkaline flux — e.'/., sodium carbonate—without a reducing 
igent, the reaction takini; place on the following lines :— 

2AkC 1 I- Xa.,CO, Ag..() CO.j + 2NaCI. 

■ Ag,() .-?:ak + O. 

')n a large scale, ores are seldom rich enough in silver or suffici 
■ntfy free from other metals to make such direct extraction t 
jracticable method. Silver has, however, a special tendency t( 
lissolve in other metals and in metallic sulphides, hence it cai 
ae (^)nveniently concentrated by fusion of the ore with a flux 
ind7if gecessarv, some other ore to provide the solvent metal o 
sulphide. Examples of this, when the ore is particularly poor 
have alreadv been given under lead and copper smelting [q.v.] 
[n the case of lead the silver concentrated in this way is extract® 
by again taking advantage of the fact that silver oxide does no 
«xist at a red heat, so that the lead c!i.n be oxidised and removed 
leaving llr. silver as metal. In the case of the copper sulphid 
the process depends on the circumstance that silver shows it 
similaritv to the alkali nnitals by the stability of its sulphat 
(Ag.,S 04 j, which is formed on roasting the matte, and is no 
decomposed by a temperature sufficient to decompo.se the coppe 
sulphate whicli is simultaneously formed. Another instance ( 
the collection of silver in a solvent is afforded by the use < 
mercury Rt the ordinary temperature, corresponding with tha 
of lead at a high temperature. In this case, as no decompositio 
of a silver salt by heat can bo employed, some other means < 
obtaining the silver as metal is necessary. The mercury wi 
subserve this purpose as well as act as a collecting agetit. 

Another general principle applied in methods of silver ej 
traction is the case with which silver chloride can be formed b 
roasting silver ores with salt, the stability of the chloride thv 
produced and its solubility in solutions of other chlorides or < 
thiosulphates. Alkaline (;yanide solutions have also been use 
successfully in recent years for the extraction of silver from i 
ores exactlv as in the treatment of gold ores. A'.precipitatic 
of the dissolved silver as metal or sis sulphide serves for its recovei 

when thus extracted. „ ^ 

2. Dry Processes for Winning Silver. —(a) Extraction ml 
Lead as a Solvent.—The production of oalinary argcntiferoi 
lead (from galena) has been already described (see Lead). Wh« 
the ^Iver is present in sufficient quantity tb caf se the ore to 1 
classed as a silver ore, the ledv.ction is eflecte^' m^-olast 
to the exclusion of thos#of the reverberator/ .ypc. The cii^ 
is a mixture of or<A, fuel, slid flftxes, slid contains 10 

12 per cent, of lead and 8 to 15^per cent. coke. With^oor or 
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the silver is sometimes collected in a pyrites matte by adding' 
this mineral to the furnace charge ; the resulting matte is"roasted 
in heaps, and fused with richer ores, whereby an additional 
proportion of silver is extrt^cted; the metal may be now trans¬ 
ferred to lead by running tlie matte into a bath of metallic lead ; 
the silver sulphide in the matte is thus reduced and the silver 
retained by the lead. Argentiferous lead (“ base bullion "f con¬ 
taining upwards of O'l per cent. Ag (30 ozs. per ton) can be 
cupelled directly, but poorer metal must be enriched by one of 
the processes of concentration (Parkes or Pattinson), described 
under Lead. When concentration is adopted, much richer* leads 
are cupelled— e.g., such as contain 300 ozs. of silver** per ton. 
The works process of cupellation combines the'^features of the 
laboratory proves,ses of scorification and cupellation, tlie lead 



I'’ig. ■)().—Section of cupellation health. 

A, Grate; B, test; c, twyer; a, a. Hues ; C, iron pot; /, channel; 
(J, vent; i, door. 


being oxidised and the oxide (1) allowed to flow off the remaining 
metal, as in scorification, and (2) absorbed by the material of the 
hearth, as in cupellation. 

A horizontal section, of the cupellation hearth is shown in 
Fig. 50. The fire gratp. A, is placed at one end of a long flue 
aerpss which is the ^gg-shaped frame, or “ test,” B., This frame 
was formerly filled .with bone ash, and serves to contain the lead 
i»tO be treated. At the present time marl, which is cht'a|ier, or 
•.^il.vmure of cement and fireclay, is used instead of bone ash, 
especially for the first stagS'of the process. The twyer, e, supplies 
a blast of air which plays upon the surface of the lead. The 
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lam^ of the lire passes across the test, the products of com- 
justioii passing away by the Hues, a a. From I to 5 cwts. of 
the lead are melted in an iron pot, C, and run througli the gutter, 
I, on to the test. When its surface^-Jbecomcs covered with fused 
ithargo the blast is turned on, ^nd the melted oxide is driven 
in waves over the surface of the lead, escaping through the 
•hanflel, /, and the vent, The progress of the operation is 
watched through the door, i, and fresh lead is charged in from 
time to time until the enriched alloy c.ontains about 8 per cent, 
of silver. It is not profitable to concentrate this further on 
the same test, inasmuch as a continually increasing proportion 
of silver passes into the litharge, and is troublesome to recover 
from the whol^ quantity. At tliis stage, therefore, the metal 
is tapped bv making a hole in the floor of the test. It is trans- 
fetied to a' new test where the process is continued until the 
surface of the metal be('Oines bright, indicating that no further 
oxidation is .taking place, and that silver remains. 1 he silver 
is either tapped or allowed to solidify on the test. This silver 
contains from 99-7 to 99-8 per cent. Ag, and is refiiTed by agam 
heating it on a cupel, the, impurities (save gold)—c.g., Cu, Pb, 
]3i—^^ing oxidised and absorbed. The litharge, especially the 
last portions rich in silver, is reduced, concentrated by patlin- 
sonising and re-cupelled. The cupels are broken up and smelted 
for the rec«verv of lead and silver. 

Rich bullion^ such as that obtained in the Parkes process, can 
be completely cupelled in one operation. In modern practice, 
however, two operations are. often used, the advantage of the 
double process being that the first stage can be carried out in a 
large water-cooled cupel, which lasts much longer than th< 
ordinary test. 

They are- two methods of conducting the cupellation process— 
the English and the German. The English furnace is character- 
'ised by a comparatively small piovable hearth and a fixed roof 
the lead being added at intervals. The GermSh^irnace is mucl 
larger, is usually ciriiular, and has a fixed hearth^and movabh 
roof. The cupel is made of marl, conta-iniifg 6.5 per cent, calciun 
carbonate, 30 per cent, clav, and 5 per cgnt. magnesium c-ar 
■bonate and iron oxide. The whole Of the charge is placed or 
the cupel at once, an^ the process is usualljf-i.opipl^cd. m oiv 

operation. • ■, ■ ” „ i i • r ’la. 

(6) Extraction with Copper Matte aa a Solvent. 

case gE this process the silver is a bye-product, 
the metal primarily to %e won. As already 
Copper (p. 264), a matte containing tsuprous sulpl^*'i?|5P'^ 
' iron sulphide and sifyer sulphide (0-5 per cent. Ag);ris rpit^ii; 
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flie iron ana copper oeing converted into oxides and the^ilver 
into sulphate (this salt being very stable, as already mentioned)/; 
To avoid decomposing silver sulphate the roasting must ben 
stopped before a sample ceases to give a blue solution (presence; 
of CuSO^). The silver sulphate is leached out with water con/ 
taining a little sulphuric acid (to prevent the forrhation of basic ■ 
salts) and the silver precipitated by copper, the copper “being 
recovered by means of iron. 

The precipitated silver is washed with dilute sulphuric acid to ‘ 
remove remaining basic copper salts, pressed into blockSj^ fused: 
and refined by an oxidising roasting (sometimes with^the addi¬ 
tion of saltpetre) in a reverberatory furnace. 

3 . Wet Processes for Winning Silver. — (A) Extraction of 
Silver by the Use of Mercury for Collecting and Dissolving it 
(Amalgamation Processes).— In amalgamation processes reduc¬ 
tion of the silver in the ore to the metallic state—a necessary 
preliminary—is most readily effected when the sjj^en’is in the 
form of chloride, on which account the ores containing sulphides,: 
etc., are either roasted with salt,* or, if fuel be scarce, treated 
during the process with copper chloride (in the form of a mixture 
' of salt and copper sulphate) which is capable of reaction with ; 
silver sulphide at a sub-tropical temperature. 

(1) Amalgamation Process with Iron as a Reducing, Agent.— 
(a) Barrel Process. —This method, which is now obsolete, is a 
typical amalgamation method, and may be briefly described. 

The crushed ore is roasted with salt to convert the silver into 
chloride, and charged, together with scrap iron, into rotating 
barrels with enough water to make a thin paste. After some 
hours’ rotation, mercury and sometimes a little copper sulphate 
are added and rotation is continued for a longer period. The; 
barrels are then filled with water, and the mercury, ^^olding 
silver in solution, run off from the bottom. The silver amalgam 
is distilled in iron retorts resembling gas retorts (sometimes, 
under reduced pressure) and the silver recovered. 

(6) Pan Amalgamation or Washoe Process. —In this method the 
finely stamped ore is graded by settling, it being essential thht^ 
the subdivision shall bo fine. It is then ground in an iron pan 
with iron mullers, with mercury and sufficient water, the paA 
being heated to about ^85° C. = 185“ F. by steam. The iron of- 
th^ pan and mulkip, in conjunction with the mereury, reduces 
the silver to metabund an amalgam is formed. It is found that' 
..^.ven sulphide ores can bo worked in this way, a probable*rea.son 

fA such chlorinating roas^ings the sulphide is first converted into a .; 
sulphate which then reacts with fifio sodium chlolldc, giving sodium sul- ■■ 
phate and a chloride of the metal under treatment. ■ i 
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that the ore is in a hue state of division ancj|||c temper'^ 
iture' IS high. Occasionally, however, such ores ariSjbjeoted iT?4 
a chlorinating roasting, the amalgamation being m«5a rapid and 
effective after this treatment. Sometimes chlorinafflj agents— 
i.g., copper chloride—are added to. the charge, theiaffltion being 
similar to that described under the Mexican procesgRj.w). The 
contents of the pan is washed into a separator, is a tub, 

the bottom of which slopes from the centre to the i^^fflimference, 
and is traversed by a number of rakes. There enough 

wat^ in the tub to allow of a fractional subsidencefflte mercu^ 
and amalgam collect on the bottom, and are run strained, 
and distilled in the usual way. H 

A continuous proi.ess is also in use in which th'^Hulp passes 
automatically through a series of pans, the first twMir three of 
which are arranged for grinding {Boss process). 

• (2) Amahjamalum Process with Mercurfi as a Agent 

(Mexican, Ur.ocess ).—Crushed ores are ground to Bjwder in a 
primitive edge-runner mill, together with a littlMBnercury if 
free gold or silver be present. The ground ore, iij®ie form of 
a mud, is spread on a floor and trodden by mulejJPvith about 
4 per cent, of common salt. Mercury and “ ma^B* '*1 ’ (i.e., 
roasted copper pyrites, consisting chiefly of CuSO.,,|BeSO.,, CuO - 
and FcjO.,) are added, the former to the extent Rl about six 
times the%ilver content of the ore. After a furtheiBStermixtime 
a hot solution of copper sulphate, in proportion Bp'ving with 
the amount of sulphur and arsenic in the ore, is on to the 
heap. Copper precipitate may be advantageousl^&ded, pro¬ 
bably because its reducing effect on the silver sup^Bsients that 
of the mercury. The chemistry of this and like jmSiccsses has 
not been thoroughly worked out, but the chief reactiSn; occurring 
appeaj to be (a) the reaction of copper sulphateHfth sodium 
chloride, giving cupric chloride and sodium sulphoS; (b) that 
of cupric chloride on silver sulphide, giving mipricj^lphide mid 
silver chloride, the latter then dissolving in the solu|BR of sodium 
chloride ; in a similar way cuprous chloride can decBRposc silver 
sulphide, forming silver chloride and metallic ^Qer. Ferric 
chloride is also present, and reacts with silver s^ldSB'!, forming ; 
silver chloride, ferrous chloride, and free sulphiil*''; ICT the reduc¬ 
tion of silver chloride to silver by mm'curjg aid^Biy copper, 
With the f(*mation of mercu»ous chloride ana cup®^ chloride; - 
and (^) the formation of silver' amalgam by the m^tactipnc^ 
silver and mercury. When these changes are cMuraOTTipEnfS 
mercury is added to the Charge, and the whole stiri® wnlUvlKiral 
iji a tank; the silver amalga,m%ettles, is run oMRnd filtered 
through canvas to separate the excess of njercBSS from the 
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semi-solid amalgam. The amalgam is distilled, freqnentlj; by 
the simple process of heating it in a series of vertically disposed' 
trays covered by an iron bell standing in water ; the upper part 
of the bell is encased in a furnace, and the mercury condenses 
in the water reservoir. 

The Mexican proce.s3 as just de.scribcd is now becoming obsolete, 
having been greatly modified in recent years by the introduStion 
of fine grinding in tube mills in conjunction u itli the. cyanide 
process (v.i.). 

Other modilications of the amalgamation process arj the 
Kronke and Francke processes. The former depends og the use 
of a hot solution of cuprous chloride in common salt for decom¬ 
posing the refractory silver compounds, the operation tifking 
place in revolving wooden barrels. The, silver is finally reduced 
by means of an amalgam of zinc or lead. In the Francke protess 
the ore, after chloridising roasting, is made into a pulp with*u 
10 per cent, solution of sea salt, and introduced, wt<f wooden 
barrels provided with copper bottoms and side plates. Mercury 
is added at‘intervals, and the mixture is heated by steam and 
agitated by mullers. The chemical reactions which take place 
cause copper to be dissolved, while silver chloride and silver 
are amalgamated. 

(B) Extraction of Silver by Dissolution and Precipitation_In 

the preceding processes, both dry and wet, concentration by 
collection of the silver in a solvent (lead and mercury) has only 
been po.ssiblc after reduction to the metallic state. In like 
manner, in the processes about to be described (excluding the 
cyanide process, which is considered later), the silver has to be 
converted into chloride before its dissolution and extraction. 
Only two .solvents arc commonly employed—viz., a strong 
solution of sodium chloride and one of sodium or calciu(|i thio¬ 
sulphate. 

(a) Extraction with Sodium Chloride and Precipitation btj Copper 
(Auyustine’n Procces). —Both ores and copper mattes are first 
roasted alone, by which process the bulk of the sulphides is 
converted into oxides, but owing to the stability of silver sul¬ 
phate (v.s.), most of the silver sulphide is converted into this 
salt. The roasted maierul thus contains most of the copper 
(and iron) as oxidp, bi-t a portion as basic sulphate ; most of 
thG silver is as sulphate, but a p.art still as sulph'ide. On re- 
roasting with salt, the oxides are unattacked, whilst the sulphates 
of. copper and silver are converted into chlorides bj'- double 
'dbiiOin’^osition. The residual silver sulphide, when roasted in 
the presence of sodium chlotide, undergoc.s the change char¬ 
acteristic of a chlorinating roasting, forming, first, sulphate, and 
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! then, by double decomposition, silver chloride ainl sodium 
sulphate. Ill the Zieh'Ogel process (see Copper, ]). 255), the wliole, 
of the silver sulphide must be converted into sulphate in order 

■ to be extractible, necessitating verv<careful roasting, whereas in 
; the present case, residual silver 9.il|)hide from the first roasting 

is not lost because afterwards transformed info chloridr^ The 
final’product, whether from matte or ore, consists of copper 
oxide (and ferric oxide), silver chloride, and sodium sulpliate. 
From this the silver chloride is extracted by leaching with a hot, 
strong solution of common salt, in which it is fairly .soluble.* 
The brine containing silver chloride is filtered through a layer of 
cement copper (see p. 25.5), the silver being ])recipitated mid the 
coppier going imo solution as chloride. The cement silver is 
washed with hydrochloric acid and refined in the usual way. 
The Augustine "process is now seldom used, excejit occasionally 
irfconjunction with the Patera process {v.i.). 

The prii}'iii)es of this process have been apjilicd to the treat¬ 
ment of argentiferous copper bottoms (now generally refined, 
with recoveiw’' of silver, by electrolysis—s('e p. 2f)0r, which are 
granulated, roasted to oxide, ground and roasted again with 

■ ferrous sulphate, whudi acts in the same way as the sulphate 
resulting from the roasting of a matte (detailed above). Th<‘ 

! product is leached with water as in the Ziervogel process (p. 2,55). 
and the roeidue, containing silver as sulphide, is roasted with 
salt and extracted in the manner jiroper to the Augustin proi^ess. 

The recovery of silver from burnt pyrites by the ClawJet 
process resembles the Augustin as far as the ()btainment of a 
solution of silver chloride in sodium chloridii is concerned, but 
the .silver is separated by precipitation with an iodide, the silver 
iodide being collected and reduced with zinc, yielding the silver. 
The zi^c. iodide thus formed is used for jirecipitatiug a fresh 
portion of the chloride solution. 

(6) Extraction with a Hnposulphile (thinmlphate) and Precipita- 
timi as Sulphide {Patera’s Process).—'Yhe preliminary ojierations 
do not differ in principle from those already mentioned as pre¬ 
ceding extraction with sodium chloride. Inasmuch as in this 
process the solution of silver chloride is to be treated with sodium 
sulphide [v.i.), it is advantageous to wash the product of the 
chlorinating roasting with water, in order to r^miove the chlorides 
of copper, zi»ic, iron, et<'., whi^h would othe»\?!se be precipitated 
as sulphides, together with the silver sulpiride. The resiclues 
from this washing are treated with a cold solution of Sfidium 
thiosulphate (or calcium tliosulphate, as in the Kiss procefsf^i 

* 100 parts pf water saturated with sRdium chloride dissolve 0‘4 part ol 
ikilvoT chwriOf, at IOC.* C. = 212° F. 
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eticlosed in muflim bugs, which retiiiii gold, plutimimj 
(the last us PbO,_.), while silver and copper nre dissoj 
pit: former alone being deposited oti the cathodes, which c(| 
pf thin silver plates. The silver is obfuinod in u rough crystij 
8finII. and is removed from the cathode.s by s(TU])ing with wes 
Its puritv may be a.s high as p<‘r cent. IT 

Suijivfv'ed form of the Moebius cell a revolving sheet cat[ 
■IS whollv immersed in the electrolyte, and the silver erjg 
0*11^*® ***^0 automatically removed by a scraper af 
iSit oi the vat. The anodes are placed in porous trays 
the cathode, and can be examined without stopping the prcl 
The Balbach 'ffocess, as used at Newark, U.S.A., is cssenj 
.the same as that just described, and differs from it muinu 
the construction of the cell. I 

> Wetzel has worked out a process for separating copper, sj 
anfi gold in alloys, which has been in use for some years at ll 
heim. A sdlction of copper nitrate containing free nitrici 
,is employed as the electrolyte in a vat divided by a^diaplij 
into two compartments. This solution dissolves silver I 
copper from the alloy anodes, and the silver thus dissol\| 
IfiTOJipitated chemically by the action of copper scrap ir 
■adjacent vessel, the regenerated copper nitrate being retf 
’ to the cathode compartment of the cell, where the copn 
deposited oti pure copper sheet cathodes. The gold is obtj 
as an insoluble residue from the anode compartment. 

- A. G. Betts has patented a new method for refining 
.in which the electrolyte contains 4 per cent, of silver as | 
l^methvl sulphate, and 4 per cent, of methyl sulphuric iicid.l 
addition of carbon disulphide is found to harden the d# 
of silver. The latter is both hard and .solid, unlike the J 
r crystals* which cau.se such difficulty in operating the ]\It| 
■’ and Balbach processes. I 

; Properties and Uses of Silver.— Silver has a specific gravl 
10'53, and a fusing point of 960° C. = 1,760° F. It is th<| 
*'known conductor of heat and electricity. It is characterise 
its stability in air free from sulphureous gase.s. Molten B 
^nhsorbs 22 volumes of oxygen from the air, and the gas is p 
tei again with much vigour during solidification (the so-| 
spitting " of silver). It may be prevented ^y the additj 
m- small quan1;ity of some oxidiiable metal—magnesiurm 
^■ probable that molten silver forms the oxide Ag^, why 
Ulo- at high temperature, although it is instantly decon 
a red heat. For use in coinage an^ ornaments it is a‘j 
Dopper; which lowers its melting point, prevedts i« 
jT^^ri' ma’ces it harder without sensible impairi| 
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malleability oi altering its colour. Thus, Kiiglisli sterlii^ silver 
contains 92‘6 per cent. Ag and 7'5 per cent. Cu. In most other 
countries the coinage contains 90 per cent, silver. In the pure 
state silver is largely used for silver-plating, being deposited 
electrically from the doubld cyanide of silver and potassium. 
The deposit from such a bath is dead-wliite, and requires ^o be 
scratch-brushed. By adding a little carbon disulphide, how¬ 
ever (1 part in 50,000) a bright deposit of silver is obtained. 
An alloy of silver and cadmium, containing 10 per cent, or morq 
of the latter metal, has been deposited electrolytically, »nd is 
less easily tarnished than pure silver. On atx’ount ofcthe fact 
that silver can bo deposited as a brilliant adherent film on "laps, 
mirrors made with an amalgam of tin and mercury (see Mercury, 
p. 323) have been largely replaced by those prepared by allowing 
a solution of ammonio-tartrate of silver to deposit the mbtel 
on a clean glass surface, the reduction taking place ^vhen the 
solution is warmed. Silver-tin alloys containing fyefift 40 to 60 
per cent, qf tin, and silver-platinum alloys ccataining from 
25 to 35 per cent, of platinum are used in dentistry. The former 
are mixed with about an equal weight of mercury; the pasty 
amalgam thus formed becomes quite hard in from 24 to 48 hours, 
•due to some molecular change. The platinum alloys are hard, 
but ductile, and are also used in jewellery. The alloy containing 
33‘3 per cent, of platinum has also been used as a standard of 
electrical resistance. 


GOLD. 


Sources ol Gold.—Gold is nearly always found native, alloyed 
with more or less silver. It occurs massive as nuggets, weighing 
from a fraction of an ounce to many pounds, and in veins dis¬ 
tributed through quartz, generally associated with sulphide 
minerals— e.g., pyrites and galena. In places where such veins , 
have undergone a process of weathering, finely-divided alluvial 
gold is found in the beds of rivers now flowing or of ancient date. 
For the most part these gravelly deposits are loose in textura 
and easily disintegrated by water, but are sometimes found ' 
agglomerated in irfissei which have the appearance ^of bed-rock., ,' 
In the above caseq'the true gan^e is of a siliceous character,v; 
and the gold is comparatively easy to extract. There ^jisp how- 
ev^ei;, « considerable quantity of gold, the gangue of which con'i-^i 
sists m pyrites or galena ewith which the gold is so intimately^l'3 
associated as to have given rise to the opimon that it also is 
sulphide. This does not jppepr to be the case, but.^sllui'ides of Cj 
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iwoid*(q(jZa«cri<<;, AuT^^,) and silver are known. Gold is also a 
soye-prMuct of the winning of other metals, notably silver, copper, 
'and lead. The chief gold-producing countries are Africa (Trans- 
’ vaal, Rhodesia, and AVest Africa), Australia, America (California), 
and Russia. Gold is widely distribiited in the western mountains 
of N^rth America, alike in Mexico, the United States, and Canada. 

' reaching as far north as the Klondyke district. The chief Euro¬ 
pean mines are found in Hungary. Gold is also widely distri¬ 
buted in A.sia, especially in Borneo, China, Japan, Korea, and the 
DutclfcEa.st Indies. The composition of native gold falls between 
the limitji gold fi-1'77 to ])er itcnt.. silver to 0’43 per 

■ cent., iron and j|thcr minerals up to (>‘28 per cent. 

whining of Gold.—The bulk of the world’s production of 

■ gold is obtained by comparatively simj)lc processes, dcjxmding 
(oltipon the high specific gravity of the? metal (lf)’,32 when pure), 

,and (6) imon the ease with which it is taken up by mercury. 

. Ccrtaiif oiW A) not give a satisfactory yield on treatment with 

« ercury, and are known as “ refractory ” ores, as lystinguished 
om “ free milling ” ores. The tailings from the amalgamation 
•process often contain heavy minerals—c.f/., j)yrites aiul galena, 
which carry gold. 'They ang therefore, treated by concentration, 
and the concentrates smelted with lead or roasted and treated 
by the chlOriruition process (r.?.). Refractory ores are treated 
;hy smehiif^, cyaniding, or chlorinating, according to circum¬ 
stances. 'J'hc gold obtained by any of these processes is melted, 
• cast into bars, and relined. 'The washing and amalgamation of 
■ gold are mechanical processes, which will be deal) with here to 
'.illustrate typical methods for the concentration of ores generally 
by mechanical means. Such procc.sses for winning gold as 
depend upon strictly idiemical principles will be described later. 

Concentration of Gold and Other Ores. —The fundamental 
principle underlying the mechanical concentration of gold ores 
is that when two particles of identical shape and equal volume 
’ but different weight are allowed to fall through a resistant medium, 
that which has the greater weight will fall faster than the other. 
.It follows from this that the difference in specifics gravity of two 
-jubstanccs is an index of the ease with which they may be 
separated in this manner, provided the conditions of identity oi 
;..8hape ajid volume be mainta'ned. But'by (jncreasing the size 
i'^of the partiifle of lower specific gravity it vAll eventually falUas 
f 'fast a^that of the higher specific gravity, because the surface if 
^ifixposes to the resistance of the medium is smaller relajWc^to 
J'the impelling force (its weight). Alae^ by altering the shf^e oi 
^>,the particle of lower^pecific gravit'^, so that it presents a smallei 
ffflhtface ftr ^^iver volume than do^s the particle *f higher_specific 
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^gravity, a similar compensating effect will be obtained. Tshus 
jit is, that, though in ideal concentration the particles will be of 
identical size and shape and of different specific gravities, yet, in 
practice, imperfection of sizifig and irregularity of shape necessi¬ 
tate large differences in specific gravity to compensate for these 
disturbing factors. The great difference in the specific gravity 
of gold (If'3) (native gold containing silver may have a specific 
gravity of 17 or less) and siliceous gangue (2-7) leaves a larger 
margin for providing this compensation than is available in 
most other cases. o 

Winning Ailuvial Gold.— For a long time the mere ^-ashing 
of auriferous sands in pans where the necessary ^^uspension was 
attained by hand-shaking, sufficed for winning gold. A? no 
sizing was attempted, only a crude separation was thus possible. 
The “ cradle,” which is an inclined trough set on rockers, con¬ 
stitutes a development of the pan.* It is plain that the proceSh 
of permitting particles which are to be separated, tft,.faii'through 
a resistant medium, can be replaced by the plan of causing the 
medium to flow over the particles in a thin layer. An additional 
cause for separation here occurs—viz., the difference of velocity 
of the upper layer of a thin stream of water and the lower layer 
"in contact with the channel through which it flows. This dif¬ 
ference of velocity will allow of a still larger deviation from' 
identity of size and shape, because the larger particle^' y;ai stick 
up into the upper layer of the stream, and their upper parts will 
be exposed to its full force, so that they will tend to be carried 
on in spite of their size. 

This principle is applied by wasliing the crushed ore or auri 
fetous sand down an inclined plane with a thin stream of water. 
The separation is aided by rendering the floor of the channel 
rugose. Thus, the inclined channel is sometimes covered ^ith a 
blanket or by “ riffles ”— i.e., strips of wood dividing it intO" 
chequer work. In recent years perforated iron plates and 
“ expanded metal ” have been largely used for this purpose. 
When working auriferous gravel on a large scale, the method 
adopted is to direct a powerful jet of water on to the slope, thfe 
surface soil of which consists of the j^old-bearing material, the^ 
process being termed ‘ hydraulic mining.” The debris is con.-; 
veyed down a longjpluice consisting of a series of wooden troughs' 
set' at a gradient of aibout 8 to 18 inches in 12 feet. “ 'y 

The bottom of the troughs is covered with riffles, in ji’hich, 
the goy collects. The collection of the gold is aided b/ putting; 
merc.Wy in among the riffleg. Methods'of catching gold by means 

♦In this case a rough sizing of the gold-bearing gravel by means offc. 
riddle at the head of the cradle is graerally adopted. S. ^ 
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Bat-bottomed boats, witli mac-hincr’l 



bottom of a stream, hoi.sting it on OTlH, washing it oj 
tables to save the gold, and finally ijnmping the taj 
uoard at the stern. 

Winning Gold from the “ Ore.’ ’—Byl*' ore ” is herel 
fbck-b#aring gold, hard enough to req ^.ire comminuti^ 
means th^n mere washing (“ quartz 
mining ”). Tln^chief processes requi¬ 
site £tie;— 

]. Comminution.—The ore is first 
put •through a stone-breaker and then 
pohnded in a stamp mill (Fig. .51). 

This consists ,>of a series of vertical 
pestles of great weight and shod with 
non, alternately rai.sed and allowed to 
fall by a shaft and cam, C, operating 
a tappet, T. 'J’lie stamp, ST, with it.s 
head, S, strikes upon an iron l>lock or 
shoe, D, in the mortal', M, into which 
the ore u.M. The mortar is covered 
and is provided with a hopper on one 
side for receiving the broken ore, and 
a rectangular opening opposite to this 
in which a screen, SC, to retain coarse 
fragments, is fitted. Most of the 
crushing is generally done dry and a 
stream ^if whiter is then let in, the 
motion of the stamps being continued. 

The crushed rock is tlius churned witli 
^e water into a thin mud {dimes or 
jrulf), the gold, if in large particles, 
finking to the bottom of the mortar, 

'tmd being collected by mercury in the 
channel surrounding the block, D. 

SSit* finer gold is splashed up and 
flows through the scree* with 
Rui slinjes, or adheres to amalgamated 
KiTOTTi) plites which line the sides of 
2. Amalgamation. 


the mortar. 
Thalf part of ^^old which isl 


alluvial gold 
The dredgeS 
ir raising gravS 




'I', Tappet; C| 
irtampj; S, 

]>, .sk<)fc ; M, I 
scrccia 


hy the stamps is colleCted by cuiKOiiSStion and amal;; 
following mo’iiier:—In passir^ nto the slu^ce.'j 
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first traverse amalgamated copper plates where much of ^c^golc 
is retained, a further portion being caught‘'by the blankets witt 
which the sluice is lined, from which it is afterwards washed anc 
collected in mercury by the^aid of an amalgamating pan. Aftei 
flowing through the sluices, the main slimes, together with thos< 
from the amalgamating pan, pass into some form of “ rubber,” ii 
which they are triturated between icon surfaces in order to bri^itet 
the surface of the particles of gold, and thus enable them to b« 
amalgamated, such amalgamation being often performed in th( 
rubber, which is fitted with amalgamated copper plates. , 

The system of amalgamation inside the battery by the ^prinklinj 
of mercury in the mortar and the use of internal amalgamated 
plates is now falling into disuse. Moreover, ball-mills* and 
roller-mills are now frequently used instead of stamp batterie^ 
especially for dry crushing. • 

3. Concentration Proper.— It will be noted that during the 
passage through the sluices and over the copper jjlat'ik concen¬ 
tration as well as amalgamation takes place. A certain amount 
of finely-divided gold will, however, escape with the slimes from 
the rubber, and this may be further concentrated in a systematic 
manner. The tailings from stamp battery amalgamation are 
-now usually treated by the cyanide process (v.i.) without any 
previous concentration. When a process of concentration je 
used it is carried out by first sizing the material in? ^^ointed 
boxes” having a V-shaped bottom in which there is a slit tc 
permit of the passage of those grains which are of such a size 
and specific gravity as to sink. By using a series of such boxes 
of increasing cross-section the flow of water bearing the slimes 
will at first be too rapid to allow of any but the largest equal¬ 
falling grains to reach the bottom, become less rapid as it proceeds, 
and depositing successive fractions of decreasing size. T|je sized 
sands are then concentrated in sluices as before. Further con¬ 
centration is effected in inclined rockers, buddies,* and tossing 
tubs.f 

In modern practice a Frue vanner serves for concentrating tht 
slimes. This consists essentially of an endless sloping rubber 
belt carrying a stream of water, which flows in the opposite 
direction to that in which the belt is moved. The separating 
effect of the stream is chere aided by the opposite motion of the 
belt, which also receives an oscilljatory movement Khat favour? 
segregation. The first-falling particles are thus collected jt one 

* 

♦ T^c huddle is generally a round box ' ith a coned bottom, sloping 
towards the circunSerence, over jyhich brushes, cet on radial arqis^ aaX 
carried. 

t CSrcular vessel^ provided with rotating agitators. 
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_,of the machine, whilst the remainder flows of! at the other 


r It will be seen that during these tre;\tments a large proportion 
the gold has been collected in‘mercury in the stamps and 
sluices, and another portion as concentrates (associated with 
The gold amalgam is collected and distilled* in the 
madner'already described for silver (p. 330). After squeezing. 
”10 wash leather the mercury is distilled off in cast-iron retorts. 
The residue contains gold, silver, base metals, sulphides, and 
'some^ mercury. It is melted in graphite crucibles with borax, 
soda carbonate, nitre, and sand. A fusible slag is formed which 
contains the sulphur and the greater part of the base metals as 
silicates. The*molten material is poured into ingot mouldi, and 
the slag and bullion afterwards separated. 

before leaving the subject of amalgamation it may be said that 
the cleanliness of the mercury is essential for its proper utilisation. 
As it ten Is become foul by use it is “ quickened ” by stirring 
*it with a solution of potassium cyanide or dilute acid, but is best 
restored to purity by distillation. Mercury contairtng a small 
quantity of sodium is said to be efficacious in keeping the bulk 
of the mercury active as a .solvent. The concentrates {v.s.) are 
roasted to remove sulphur, and are either amalgamated or mor^ 
usually chlorinated {v.i.) for the recovery of the gold which they 
contan^ , dlich concentrates may be .smelted with lead and 
cupelled. 

W inning of Gold by Chemical Processes.—!. Chlorination.— 
The roasted ore, usually in the form of concentrates, is moistened 
and put into a wooden tub lined with some chlorine-resisting 
material, such as tar, and provided with a false bottom beneath 
which a pipe from a chlorine still opens. The tub and the chlorine 
still aM shown in Fig. 52. The attack is continued for some 
Tiours in the closed tub, and at the end of the time water is poured 
in to cover the ore, and the solution of gold chloride filtered. 
The chlorine should be washed free from hydrochloric acid, so 
that it may attack only the metals present and not the oxides— 
ferric oxide from roasted pyrites—nor the sulphides re¬ 
maining from imperfect roasting, as in the last case HjjS would 
tbe evolved and precipitate gold. The necessity for the absence 
^9. sukhides makes it requisite that the routing should be as 

S Sfc a« possible; wheg alkaline eajths—e.y., lime—are 
i,, a chlorinating roasting by the addition of salt is advis- 
18 otherwise such mater'als lead to the consumption of 
extracting th» gold. The dissolution of the gold k 
aided bf pressure ap^ied* either to the chlorine or 
N to the solution in the extracting vessels, and by 
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ft the use of revolving or tumbling cylinders to agitate the .ore 
Ming extraction. In the latter case it is ulual to generate the 
chlorine inside the barrel itself by means of sulphunc aS and 
bitching powder. However obtained, the soCn o go“J 
chloride 18 precipitated by a solution of ferrous sulphate- ^ ' 

2AuCla J- (il'eSOt Au„ + FejCl, + 2 Fe,,(S 04 ), . o “ 

by S 9 ,, 01 by filtration through charcoal. The cause for the 
reducing action of the last-named is obscure. In the barrel 
process it is customary to precipitate the gold by means oLsul- 
phuretted hydrogen, and the sulphide of gold 13 filter-nressed 
roasted on iron trays, and melted with fluxes. If base^metat 

sulphate used as ^the 
precipitant. The chlorination process, although still used for 





I'ig. a., lub anti still for cliloi'inaling gold ores. 

'l>Vr 

hof; Extraction {M'Arthur-Fm /Ws.s).-It has 

been found that a weak solution (c.t/.. 1 per cent, or under! of 
Cn^fJlv be profitably used for e.xtracting gold, 

. 4Au + 8KC\ -i- (l„ -I- 2H.0 = 4KAu(CN), -f- 4KOP, 

negative element or radicle being 

b^S; the form of cyanogen ^ 

* som'e pieliminary trcctment before ex¬ 

traction. Tailmgs from other processes are first sizf;d in the 
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'jiaa«Hfir described ^ndcr “ concentration ” (p. 338), the sanda 
and slimes being treated differently, as described below. Lahicrly, 
it has been found advisable to reduce these tailings to a fine'slime 
in tube mills, to pass the product over .shaking amalgamated 
copper plates, and then to extract it with cyanide, solution. 
Refractory ores may need roasting before extraction, 5lnd for 
this purpose automatic furnaces are now almost universal.' 
Occasionally the ores arc first washed with water to dissolve out 
any soluble matter, or with a solution of soda or lime to neutralise 
any #cid that may be present due to the decomposition of pyrites, 
etc. A^ter this jireliminary treatment the ore in the form of 
sands is treated by percolation with a solution containing O’l 
to tc35 per cent, of KCN in large vats of wood, iron, or cement, 
holding 500 to (iOO tons, and provided with false bottoms covered 
with canvas. A “strong” and a “weak” solution are often 
Applied in succession, the time of treatment by the strong solution 
varying to 48 hours. 'I'hrce or four additions of solution 

are u.snally .sufficient for complete extraction, and the ore is often 
aerated between each addition. On the other hancT, fine slimes 
are treated by agitation with a more dilute solution (containing 
O'Ol per cent. KCN), and afterwards separated either by decanta¬ 
tion or by means of litter presses. The liquor thus obtained is ru* 
into troughs containing zinc shavings coated with precipitated 
lead !>;,■ fickling in a solution of lead acetate. The zinc-lead 
couple thus formed is found to be a more effective precipitant 
of gold than pure zinc. The lead itself, however, remains un¬ 
changed, the gold being precipitated according to the following 
equation :— 

iK.\u((,'N)., f Zn K;Zn(C.\)j c 2.\«. 

“Zino»dHst” is also used for precipitating gold from cyanide 
solutions. The residue containing tin; precipitated gold is washed 
and treated with dilute sulphurk.' acid or sodium bisulphate, in 
order to dissolve excess of zinc and to decompose any cyanide 
present (e.//., zinc cyanide, which may be deposited as a white 
powder). The slimes are washed with hot water, filtered, dried, 

• and fused with fluxes (soda carbonate, borax, and .sajid) in' 
graphite crucibles. A inore recent process, which is said to 
effect a saving in cost, and to be attended J>y less loss of gold, 
,18 Tavener* lead smelting tHethod, in wMch the slime.s, a^ter 
filteikpressing, are fused with litharge, fluxes, and .sawdust in a 
reverbelatory furnace for the productien of,.a lead bulljtn con¬ 
taining 8 per cent, of gold, which is atterwards cupelled. ‘ 
An*alterri;.te plan of recovery consists in running the cyanide 
h|.quor Jtitc a tat.k filled with iron anodes and shqet lead cathodes. 
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^pon which the gold is deposited by a Ipeblo current, ffhi 
cathodes when loaded with gold are removed and cupelled. Th< 
'anodes are enclosed in bags to retain any Prussian blue forme( 
by the action of the cyanide upon them. 

Telluride ores, such as thosie of Colorado and West Australia 
need special treatment. Two methods are largely used fo: 
dealing with these ores. In the Diehl process the ore is cru^e< 
with water in stamp batteries, amalgamated, concentrated, am 
the tailings separated into sands and slimes. The concentrate, 
are dried, roasted, and sent back to the crushing mill, o Thi 
sands are reground in tube-mills, and the whole of the fine^piateria 
is then agitated with cyanide solution to whiclj, some bromo 
cyanide is added, and filter-pressed. In the Marriner prtfCes: 
the ore is crushed dry in roller-mills or ball-mills, and roa.ste* 
dead. The product is ground with mercury and cyanide solutroi 
in pans, and the tailings are agitated with dilute cyanide solutiol 
and filter-pressed. ^ * 

3. Collection of Gold in a Pyrites Matte.—The auriferou 
pyrites is smelted with an alkaline flux (e.y., limestone) to re 
move quartz ; about half the sulphur of the pyrites is volatilisec 
and a matte of ferrous sulphide obtained. This is roasted am 
cmelted with a fresh quantity of pyrites, the siliceous matter o 
which fluxes the iron oxide formed during the previous roasting 
The series of processes is repeated until a matte rich*i^gbld ii 
obtained, when it is again roasted and fused with lea,d whicl 
dissolves out the gold, and is cupelled for the recovery of thi 
precious metal. 

Refining of Gold. —However won, tlie crude gold is run inti 
ingots, and is usually refined at the mint, where it is coined 
The gold obtained by chlorination contains i)9'7 to per cent 
Au, but that from most other processes may be considerably les 
pure, containing silver as the chief impurity. As both gold am 
silver are not oxidised in air at any tom))erature, they are collectei 
together by cupellation, and cannot be separated by continuini 
the process. Three methods are now used on a large scale fo 
parting gold from silver—viz., the chlorine, sulphuric acid, am 
electrolytic processes. 

1. Removal of Silveb as Chloride {Miller’s Process ).—Whei 
chlorine is passed 'through fused gold the metal is unattackei 
because the temperature is above tAie decomposition temperaturi 
of gold chloride. .Silver chloride on the contrary is staUe a 
this temperature. Thc'se principles are applied by passinj 
chlorhie through a fireclay pipe to tKe bottom of the crucibl 
containing the melted gold. . A layer of fused silver ckloridi 
separates on the^ surface of thc__gold, and any antimony. ^rSenk 
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refining (p. 332). The anode mud from this process, conta^ingji 
gold, platinum, and lead, is melted down and used as the%node^ 
in the Wohlwill process, in which the electrolyte is hydrochloric : 
acid. Gold, copper,-etc., are dissolved at the anodes, and pure;; 
gold is deposited at the cathodes, silver remaining undissolved. 
In American practice gelatine is added to the electrolyte in the 
Moebius process, and the silver deposited in a coherent in^ead 
of in a granular state. The electrolyte in the second stage (t.e., ■ 
the Wohlwill process) contains from 2 to 10 per cent, of hydro¬ 
chloric acid, and from 2'6 to 6 per cent, of gold chloride, and ia.» 
maintained at a temperature of 60° or 70° C. The cathodes are ^ 
sheets of pure gold. Silver chloride is deposited as a*!! anode 
mud, base metals are dissolved as chlorides,. aTid accumrriate 
in the solution, while practically pure gold is deposited on the 
cathodes.. The electrolyte is renewed at intervals, and the gpld 
remaining in it is precipitated by means of ferrous sulphate. 
Platinum, palladium, etc., are dissolved with the ^oldf but are 
not precipitated at the cathodes, and accumulate in the solution. 
They are afterwards precipitated by means of ammonium chloride 
The recovery of these metals constitutes an important advantage 
in the Wohlwill process. 

Properties and Uses of Gold.—Gold melts at 1,064° C. = 
F. Its specific gravity is 19'32 when cast, but can be 
raised to 19-66 by hammering. It is a most resisten^^s^ietal, 
being very inactive chemically, on which account, as w'%11 as on 
account of its comparative rarity, it is suitable for coinage—its 
chief use. Unlike silver, it is untarnished by sulphur. An 
arbitrary method for computing the fineness of gold consists in 
stating the proportion of Au with reference to the standard 
24 carats for pure gold. Thus, the sovereign, 22 carats fine, 
contains 91-66 per cent, of gold and 8-33 per cent, of alloying 
metal (in England copper, but in Australia silver). Most Joreign 
coinage contains 90 per cent, of gold. The only alloys of gold 
of importance are those with copper and silver. Alloys con¬ 
taining iron ore, however, used to some c.vtent in jewellery 
in France ; those containing 16 to 20 per cent, of iron are known 
as “ or gris’’ and that with 25 per cent, of iron is “ or bleu.” 
The industrial uses of .gold are limited by its high price. It* 
w-ithstands the action of sulphuric acid better than does platinum, 
and is, therefore, adopted for lining platinum vitriol stills. Being; 
very malleable, it is'used for mating gold leaf for ornamental 
gilding. Gold-plating by the electrolysis of the double ^cyanide 
of gold (md potassium is also largely proctised. 
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PLATINUM AND ITS CONGENERS. 

• 

- The metals platinum, palladium, rhodium, osmium, luthcniun., , 
and iridium constitute what is known as the platinum group, ' 
and occur associated together in. the native state in alluvial 
deposits—chiefly in the Ural district. The composition u£ native 
platinum may be gathered from the following analysis :— 


I’latinuiii, . 
Kliodinrn, . 
Iriiliiiiii, 
I’alladinni, . 
Osniiuni, 
Copier, 

Iron, . 

I.iinc, . 
(jniirtz. 


IVr fcnt. 
84:!() 

J'4li 
I (tC 
1 

0 74 
.'■>•.■11 
012 
0 00 


The ore-'« often asso( iated with grains of a hard n‘fractory alloy 
of osiniun'i' and iridium (osmlridlum). The native grains of 
osmiridium are generally used for the ])oints of )«»ns. Ibilike 
gold, platinum docs not readily amalgamate; with menmrv, so 
that when gold aciompanies the platinum sand it is first ex¬ 
tracted by amalgamation. ^ 

Platinum has never been found other than native until recently, 
wheifplatinum arsenide. PtAs.,, sperrylite, has been found in 
the pyricic nickeliferous deposits of the .'■'udbury miiu's (see 
A’l'cM, p. 310). 

Winning Platinum from its Ore.— The refrac tory character 
and high price of the metals of the platinum group make their 
winning and separation almost a laboratory operation. The 
opening up of the ore may be effected by wet or dry metliods. 
By the former proce.ss the ore is heated to redness and digc'sted 
with %drochloric acid, which dissolves the base metals. It is 
then treated in retorts with aqua regia, by which palladium, 
rhodium, platinum, and a little iridium are dissolved ; osmic 
acid passes over into the distillate; and osmiridium, ruthenium, 
chrome iron ore. and titanic ifon ore remain undissolved. The 
solution containing the platinum is neutralised with .sodium' 
“carbonate, and the palladium is precipitated from it by mercuric 
cyani'd?. The platinum, together with little iridium, is then 
precipitated as the double cljjloride with aphonia, (NHj.PtGI,. 
When this precipitate is ignited, spongy platinum containing a 
dittle* iridium is left, and is compressed and melted in*,a lime 
furnace heated by the oityhydrogen iet. Instead of hydrogen, 

. Comnyjn coal gas is now usually employed. The lime of the 
^•farnaccaabsorba ' he slags of the oxides of iron and copper which 
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lire formed during the operation. The platinum obtained 
this manner is liardened by the presence of iridium, an Sdvan- -, 
■'tage for some purposes. 

A more modern process consists in heating platinum ore. ini-, 
a small reverberatory furnace, with galena and some glass. - 
Litharge is then added, an<f the metallic lead formed by its- 
^reaction with the galena (p. 268) dissolves the platinunf and its / 
accompanying metals, allowing the osmiridium to sink to the- 
bottom of the charge. The platiniferou.s lead i.s run off and '; 
cupelled, and the crude spongy platinum fused in an oxyhvdjogen • 
furnace, the high temperature of which volatilises any base 
metals present as impurities, as well as silver, gold, p^ladium, ■, 
and osmium. * ■> 

Preparation of Pure Platinum.— This is a matter of some diffi- ’ 
culty. Matthey’s process is as follows :—The granulated a^oy 
of commercial platinum with six times its weight of pure lead cs ■ 
dissolved in dilute nitric acid. The solution contain:' most of 
the lead, copper, iron, palladium, and rhodium. '’Tfie residue is . 
digested wfih weak aqua regia, which dLssolves platinum and/ 
lead, and leaves iridium unattacked. Lead is separated in the 
fdtrate by means of sulphuric acid, and the platinum chloride 
^ssolved in distilled w'ater and treated with an excess of chloride' 
of ammonium and sodium. The whole is heated to about 80“ G.« 
for some days, and a firm mass of ammonium platinocMoride 
is obtained. This is wnished with ammonium chldl-ide and', 
hydrochloric acid, mixed with potassium bisulphate and a smalt 
proportion of ammonium bisulphate, and gradually heated to 
dull redness.. Platinum is thus reduced and rhodium remains 
as bisulphate of rhodium and potassium, which is extracted' 
with boiling water. The. spongy platinum thus obtained is very/ 
pure, and merely requires to be washed and melted. 

The remaining platinum metals have but few industrial appli- 
. cations, and their extraction need not be described. 

Properties and Uses of Platinum.— Platinum is a soft metal 
of great tenacitv; it has a specific gravity of 21‘5, and a fusing 
point of 1,730“ G. Its chemical 'inertness makes it of u.se in the. 
laboratory and chemical works for vessels expo-sed to strong^ 
■ acids—e.//., vitriol stills. The fact that its coefficient of ex-., 
pension is nearly i^en^ical with that of glass enables platinum 
wires to be sealed' through glass ^apparatus, as in ■judiometera 
and incandescent electric lamps. Platinum has now been re- 
' placed.,ifor this purpose, howevei-, by “ platinite,” an..,almv of 
'. iron and nickel (see p. Si7). Platinu n and platinum-rhodtutft 
(an alloy containing 10 per e.'ut. of the latter metal) t^ermp;^. 
electric couples are used in pyrometry (p. 113). Tim rcsistan^ 
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jptpia^num to corrojjioii renders it and its iridium allo,v (10 per- 
'Oent, Ir) useful for standard wcijjhts and measures. 

Platinum is very largely used (about one-third of the total 
consumption) in the dental industry, for the manufacture of pins 
for attaching artificial teeth to the ^late, and for other purposes. 
Theje has also been a considerable increase in the use of phftinum 
in jewellery: it is said to be the best material for mounting 
diamonds. I’he development of electrical technics entails a 
Steadily growing consumption of platinum for anodes (c/. elec¬ 
trolytic alkali industry), and for electrically heated furnaces. 
By reduction of platinum salt solutions the metal i.s obtained 
as a very fine ^lack powder ('* platinum black ”). In this state 
it Hhs the. property of accelerating chemical reactions *mong 
gases without itself being affected platinum catalysis ”). The . 
moat important industrial use of platinum black is in the contact 
pfocess for making sulphuric acid (.see Vol. II.). Platinum .salts 
— e.(j., puft-u/o^yanides and ])latino<-hloride.s—also find technical 
utilisation' in photography and the ceramic arts. 


MET.4LS DIFl'TCL LT OF REDUCTION. 

Metals, the oxides of wliicli have liigh heats of comliination, 
were riatusally the last to be reduced in the laboratory, and yet 
later on !»n industrial scale. 8iich metals are manganese, alu- 
Ininium, magnesium, and the metals of the alkalies and alkaline 
earths. They are probably all reducible by carbon if the tem¬ 
perature be high enough, but in some cases— ejj., in the case of 
aluminium—this is so high that an electric furnace is the only 
means of attaining it, when it becomes difficult to assert that the 
effect ^s dfie to heat alone. The volatility of the metals of 
the alkalies, and their con,se(|uent removal from tin? splien- of 
reaction, assists the reducing action of the carbon, and en.'tbles 
them to be used in their turn as reducing agents in methods 
applied for the reduction of less volatile metals. Owing to the 
fact that electrical energy l anlie economically produced of any 
Required voltagi? to coirespond with the heat of combination 
of the intended electrolyte (p. 118). electrolysis often presents 
;advan^ge8 in the. reduction of metals of ilii.s,elass. Si'eing that 
^any of thtese metals have % higher heat<)i combination with 
^cyggn than has hydrogen, it follows thatt the electrolj'sis of 
aqueous solutions is generall v out of tjie question, beci**i,se the 
;lirater "would be the com]lound chiefiy decomposed, and^he use 
;ii)f fus#d salts— e9i.. chlorides and Ifuorfdes—is, therefore, adopted, 
doetead.* 
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The chemical energy represented by a metal of this glaae 
■ the free state warrants the prima facie conclusion that it wouloT 
be spontaneously reconverted into oxide on exposure' to thej 
atmosphere. This is true of feome, notably sodium and potassimn, 
but is not applicable to others— e.q., magnesium and aluininitim. 

In bhese instances two causes may be stated for the inertness. 
\ of the metal. The first and most important is that in a largp 
number of cases of exothermic reactions the starting of the 
change needs the impress upon the reagents of a small initial 
charge of energy. This is only a particular case of what isf 
generally true of the conversion of potential into kinetjg energy,. 
, and chemically may be compared with the d^|onation of an 
explosive. Usually this initial change is brought abou? by 
raising the temperature of the metal, which is capable of vigorous 
oxidation— e.g., the heating of magnesium wire previous twits 
deflagration. The second cause, though secondary in kind, m8y 
be of importance equal to the first. It is that the .ipfital under¬ 
goes superficial oxidation, and when the oxide is unattacked by 
atmospheric agencies the coating first formed protects, in great 
measure, the metal beneath. This is well seen in the case of 
aluminium. 

c I. ALUMINIUM.— 1. Ores of Aluminium.— Corundum, alu¬ 
minium oxide, ALO.,. This mineral, which is a fairly pure form 
of crystalline alumina, occurs in India, Siberia, and 'the United 
States. It contains about 93 per cent, of Al.O ., anfl is char- 
ar^erised by its extreme hardness (exemplified by that of emery, 
an impure form of the same substance), on which account it is 
mainly used for abrading purposes. The sapphire and ruby are 
coloured varieties of the same mineral. Its comparative rarity 
and hardness make it unsuitable for use as a source of alupiinium. 

Bauxite, hydrated oxide of aluminium, AljO.,2HoO„—This 
form of oxide, which is rarely pure, is found in France and Ireland; 
it varies much in (juality, containing 

A1 .Oj,.SO to 60 per cent. 

Fe_,0„ . . . . . 3 to 2.5 ,, 

the remainder being Ohiefly silica, titanic acid, and water of 
hydration. r ^ 

•Cryolite, a double fluoride of a'uminium and sodium, AL,Fg. 
6NaF.—Tliis occui!? at Ivigtuk in Greenland as a white, ow'stal- 
line, tswnslucent minera,', which is I'cadily fusible, and is used 
in the tiianufacturo of aluminium. 

Clay, which is essentially 'aluminium silicate, ALO, .«28iO^ 
2H.,0, and is formed by the disintegration of fels^thwj rocks, 



WINN’I>’G OF aluminium; 


I the ^ost abundaiU iiluminium mineral, but is not used as a 
OUrce of the metal, owinji to the diHieultv of separatiiif!; silica. 
’The chief ore of aluminium, bauxite, has to be treated for 
he production of pure alumina before the metal can be won ; 
or this purpose it was formerly fuged with sodium carboiiiite. 
odium aluminate beinp formed and ferric oxide left unattaf ked. 
3ie fliass'was leai-hed with water and the solution treated with 
lO.j, whereby alumina and sodium carbonate were produced. 
[Tie method now used is to aiiitate the crushed and calcined ore 
rith a^olution of caustic soda of specific }>ravitv 1’15 in a cylinder 
r keir heated by steam. After about three hours the solution 
I diluted^to a sgecitic firavity of about 1-25 and filtered. It has 
een"round that a solution of sodium aluminate prepared iit this 
ray is sufficiently unstable to have its decomposition deter- 
linwi by the addition of a small (|uantity of alumina, the caustic 
oda liberated beinc incapable of redis.solving alumina hydrated 
0 the e.xRfit oi^that thus thrown down. Sodium silicate is not 
ffected under these conditions (as it is by excess of CO.,), and 
ontamination of the alumina with silica is therefofe avoided, 
'he decomposition is carried out in cylinders provided with 
gitators. In about 3() hours 70 ])«• cent, of the alumina in 
olution is precipitated as hydroxide. The clear liquor is run' 
fi into weak liquor tanks, concentrated, and u.scd again. The 
■vdroxid e is filter- Diessial. wa .slicd free from .«oda, jiartiallv 
(flSBi v neans of comnressec air, aiKVttRninSIfflllMi at Q 
emperature of 1,(KK) ' C., when the alumina becomes ci^'stalliiH 
W loses its power of absorbing water. H 

2. Winning of Aluminium. Unlike the geni-rality o inetaH 
i'uiirtnium cannot lie directly reduced by carlion at BTOinaH 
irnace temperature.s. as tlie miuation Al.^O., + 3(' = .Vli, -f- SCyH 
ivolves the ‘ab.sorption of 3o.o Cal. .As aluminium alliys wiiffl 
TTil- mrtals with evolution of heat, the reduction of i[. in tliH 
•)»‘V viz., as an alloy—can be i.ttained with a smaller alinupti™ 
L heat than when the metal it,self i.s reduced, so tleit- wluQ 
iTiviVnn. carbon, and copiicr ivtujieatcd to a very high ctniperH 
ivfe as in an electric furnace, ni aluminium-co])i)cr allov resultfl| 
»> indirect chemical method am a dii’cct application of 3TO,ricW 

S fy is conseiiucntly adopted for the commercial redilT^ion M 
_ oyvd aluminium. • • H 

^0 Ind irett Reduction by ilheraical Me^. —Althwi.idi iH 
OTjjBHTi of aluminium can !!e directly redilced by rnnivi: iQ 
y^t one of its most isfiactory compounds, tljf OxidJ 
th e high heat of conffiiiJtiJtion of 392 Cal., can be cot fertc^ 
(Meaf of combkatiffii 3^2 Cal.), and this reduc^ 
ffiyj:he t-.-tion of sutHlim, itself won by carbot, TlJJ 



metallorot, 

■ it consists in hea 

Lw* and carbon in a stfeam of chlorin^ 

following reaction occurring ;— ’ . v 

AljO., + 30 + 3Cla = ALClj + 300. 

The sarbon is necessary for supplying, by its union -with 0 thei 

Although aluminium chloride can be obtained by dissolving' 
alumina m hydrochloric acid, it is then an hydrated^salt whiof* 

and hydrochloric acid when h'eated 
The method given above, or one equivalent thereto, is fherefere ' 
essential for the preparation of anhydrous AbCS-,. By using a 

i and salt instead of alumina, tL double 

chloride of aluminium and sodium, A1.,C1,.. 6NaCI, is obtained 
and IS a more convenient form for the'subsequent reduction to 

£= cl^rldoTifh 

A1..C\. tiNaCI + Na,. = Al., + 12Naa. 

process consists in the use of cryolite 
chloride ofaC- 
the reducing agent. 

JL Alumimum by Electrolysis.-Wheitjlunflnium 

I !i solution, thev do no(? yield the 

being reduced in preference to aluminium^ 

. used salts, such as the double chloride of aluminium and sodium 

salt tbe cost of a bath of a pure halogen 

nted in tr"“""*’ '"g.renewal, alumina itself (pre¬ 

pared in the manner described above) is fed into a bath of fiwed 
cryolite, in which case the alumina is dissolved and is decomposed 
by the current in place of the halogen salt. recomposed 

•i?® process is carried out in an iron vessel, A (Fig. 63) lined 
with carbon, serving to contain the electrolyte, B, and to act as' 
the cathode, the current entering by the copper pins D Passing 
through the ^aphite covers, F, is a bundle of ca bon 
immersed in the bath, which is maintained in fusion by fiTheat ■ 
generated by the passage of the current; this bundle of rods J 
institutes the anode and is consumed by the oxygen resultmir? 

^u^g*^the* a. fed regularly to the batf^ 

^ at the bottoin of the ve^.l 

intairmg the electrolyte serves for the coUection of the 

«fectrical pressure re-^uisite is 5 to 6 voL. & 
f ^ ’ depending cn the number of amperes suppliefl 

it this pressure. The process was worked out independi^- 
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)^Sg. -53.—Rwiuction ef aluminium by ^eclrolysis—A, CarbonWRTi vessel; 
B, electrolyte ; C, carbon rods 11), cojipcr jjins ; K, 

(c) Direct Production ofAgminium Alloys.- - ftaa'tm that 
SiiTSflmuii evolves heat in .Wt'iiBg alloys, the direci. reduction 
the metal as a constituent of sn alloy is more readHy effected 
that of aluminium alone, 'lie electric furnace li: the chief 
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fom the electrical cnerfiy supplied, the conypusion of whic^ into 
eat is due to the resistance of the charge. A furnace of indus- 
rial size will take about 125 horse-power and an alloy of copper 
nd aluminium, containing 15 to 35 per cent. Al. i.s obtained, 
"he following is a typical product:— r 

* ?ef rent. 

e.| - O 

Copper, . . . . . • .<]••> 

Aluminium. . . . • • . 20‘1 

Silicon, . . . .4*1 

Iron, ....... 4'2 

In more modern practice the di.spo-sition of the fugiace is 
vertical, the carbon lining serving as the lower ^electrode, the , 
arrangement being somewhat .similar to that adopted in ®the 
electrolytic process (u.s.). 

The same process can be adopted for preparing other aluminium 
alloys— e.g., ferro-aluminium. * 

The impurities commonly met with in commercial, efluminium 
are silicon, iron, and sodium. Silicon renders aluminiu’ni brittle, 
and also ihipairs its resistance to corrosion. In high-grade 
material its percentage should not exceed 0-3 per cent. Iron, 
occurs to the extent of 0-2 to 0-3 per cent., and also impairs the 
ductility and non-corroding properties of aluminium. Sodium 
is more injurious than either of the above impurities, but is rarely 
found cx(;ept in traces. _ 

3. Properties and Uses of Aluminium.—Aluminium is a white 
metal of specific gravity ranging from 2-52 to 2-76, according to 
its method of treatment, and melting point 657° C. (= 1,215° F.). 
Although having a high heat of combination with oxygen, it is . 
not readilv corroded in air, in the massive state; when finely 
divided, however, by amalgamation with mercury or alloying, 
with antimony, it oxidises readily. Its inertness when jussive 
is largely due to the protection afforded it by the first him of 
oxide resulting from its corrosion. When pure {free from silicon 
and iron) it can be used for cooking vessels and brought freely , 
into contact with food and drink without being attacked to an 
injurious extent. It is largely used for military fittings on account. ■ 
‘■•of its lightness. For a similar reason (and for its silvery appear- ^ 

■ ance), it is used as an industrial metal for smallware and strucv 
tures where lightness and resistance to corrosion are required*) 

I.. alllciuds of small artwles for daily vese being made in large quahr,; 
, tities. Pure alumiitium has a tensile strength, when casfe, o| j 
about 5'’fcons per square inch, and when wrought, of 12 tij^ 16 

p. 27). '• ’ , ) 

' Its alloys are more usefifl than the purti metal. oTwq- 

■ classes may be distinguished :—(l) Those consisting, ofper. 
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•rceDt.. or more Al, the remainder being some foicign luctai ndded 
?fo increase the streSgth of the material without greatly raising 
Jits specific gravity. Thus, an alloy containing Al 9-1 Cu G, has a 
^specific gravity,of 2‘82 and a tensile strength of 2r7 tons; one 
'with 2 to 3 per cent, of Ti has a tensile strength of 18 to 2G tons. 
.Similar alloys have been prepared witli tin, nickt‘ 1 , zin>», and 
silvdt r(*pectively. Magnalium is an alloy of aluminium and, 
magnesium, containing from 2 to 10 per con*, of the latter element. 
;.It is appreciably lighter than aluminium. 11 : works well in the 
iathe„make.s good castings, and does not easily tarni.sli. It is. 
therefore, suitable for a variety of ])ur]) 0 .ses. ('ompounds of 
aluminimn and magnesium corresponding to the following for- 
: mul«e have be 8 n isolated by chemical means :—Al.Mg, AlMg._,, 
Al.,Mg. Alloys of aluminium and zinc are now largely used in 
the,automol)ilc industry. Those containing up to 15 per cent, 
2 !ti are soft (uiough to be. rolled or drawn, while beyond this amount 
the allov.svire hard and more suitable for castings, as they are 
•easily worked. Ziskon and Zisium are two of th(>se alloys which 
have been introduced by Zeiss of Jena. The former a specific 
,'gravity of 3 ’-t, and is used where strem'lh and lightness arc 
required; the latter (sp. gr. 2’95) is used where ductility rather 
than strength is desirable. These aluminium-zinc alloys consist 
of single homogeneous solid solutions. Aliiminium-co))pcr alloys 
.contaUiing#3 to 5 per cent, of copper are som(fi;imes used in the 
automobile industry. They give rise to a eutectic consisting of 
aluminium and the compound AhCu. Partinium is an alloy 
containing Al 88’0 per cent., Cu 7' t per cent., Zn 1'7 p<u- ccut.. 
Si !•! per cent., and Fe 1-3 per cent. Alloys of aluminium anti 
manganese containing 2 to 3 per cent, of manganese have also 
been used recently. Numerous other alloys have been introduced. 
ileussler’s alloy contains aluminium, copper, and manganese, 
and is'distinctly magnetic. McAdamite (.-ontains aluminium, 
zinc, and copper, while Zimalium is aluminium containing small 
:jjuantities of manganese and zinc. 

(2) The other class consists of aluminium bionzcs and brasses. 
They arc of the same class as ordinary copper alloys, but im- 
woved by the addition of aluminium. Thus, aluminium bronze, 
,Cu 90, Al 10 per cent., may have a tensile strength of <10 tons ; 
aluminium brass, Cu 63, Ar3-3, Zn 33-3 p '-r cmt., has a strength, 
'iwh^n cast, 20 tons. Such alloys are nqlTonly stronger but 
less egsily corroded than ordinary brasses or Inronzes (see Copper 
xtUpys, p., 266). . . • . *. 

f-'" Aluminium is also usech in casting steel, its effect b*ing to 
Jjeduce.the oxidetfpresent and to Aecofbpose entangled CO; the 
i^uantity*uscd is from 4 to 10 ozs. per ton, and may be applied 
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iW as the metal itself or as ferro-aluminium coutamiuK ij; 

3 per cent. Al. Vast quantities of aluminiu&i are now employed^; 
3 a reducing agent for this and similar purposes. It is especiaUyvi 
seful for reducing refractory oxides, such as that of chromi^^'* 
see Goldschmidt ji^roccss, p. 172). Its heat of reaction with itpi^^ 
xidees utilised in the “Thermite” process (see p. 42). “Nick?!^^ 

'hermit” and “Titanium Thermite” are new applicfitioift of^ 
his principle, and are used for introducing these elements intoJi 
lolten ca,st iron. A further application i.s in the new explosive- 
' ammonal,” in which its great heat of oxidation is made pse of;< 
o raise the gaseous products of the decomposition of ammonium’^ 
dtrate to a very high temperature. Aluminium is now ftplacing:; 
nagne^ium in the manufacture of fireworks. It fs also used for 
adding to zinc in zincing (p. 30) to hinder oxidation of the bath, 
md in the Parkes process (see I^ad, p. 281). .9 

A great hindrance to the extended application of aluminium 
las hitherto been the difficulty of soldering it successfully, bui 
ihis is now overcome partly by the use of solder'containingj 
iluminium-and the abandonment of such fluxes as are used fof 
ordinary soldering; but more especially by the introduction 
sf a process of autogenous welding. For this purpose portable, 
jxy-acetylene blowpipe equipments are employed. The prin-: 
cipal difficulty to be encountered is the formation of a filin ot 
oxide, which prevents the two surfaces uniting properly. * Thif; 
may be removed either by the application of pressure nr by the 
use of special fluxes which dissolve the oxide. The refractor^ 
character of the oxide, the ease with which the metal is attacked 
by both acid and alkaline fluxes, and the high specific heat (0'26), 
no doubt account for this difficulty of soldering. ' 

Aluminium is, a good conductor of both heat and electricityj 
its electrical conductivity being about 60 per cent, of that Of 
electrolytic copper. As a material for electrical conductors; 
therefore, it has a large field of usefulness, the difficulties at 
first met with in regard to jointing, etc., having now been over¬ 
come. There is an actual saving in weight for equal conductivity 
if aluminium is used instead of cbpper. 

Other important applications of aluminium include its use aj 
a substitute for stone in lithographic work, and for the manh- 
facture of metallic paints. The French Government proposal 
t« replace the 5 ^pd 10 centime copper pieces by aluminiurf 

coins. *■ ,, o 

II. „ MAGNESIUM.—1. Sources of Magnesium.—Magneaui) 
is widely distributed in the form of .larthy rocks, suen as 
nesite, MgCO^, dohmiie, JlgCO^ . CaCOg/.- _aad silicat^---e|)!. 
asbestos and serpentine. But none of these is directlyoa;Vailap| 
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ginning the metal. Large deposits of mEjifiXiEllHi* 
rTO< as kieseriie, MgSO. . H,,0, carnallUe, Mg(J . KCl. 6 Hj»j 
rtiP kainite, K.jSO^. MgSO, . MgCl,. 6H,0, oocvi in StassiB!^ 
£3!W9i. can be worked up to yield a pure magnesiiuu salt 
IfiL the obtainment of the metal. 

^ 2. Winning of Magnesium. —Sodium is used as a iVS! 
agSnt (!b obtain magnesium from its chloride, in a manner OMuil 
to that of the old Deville proce.ss for making ahminutirt (p. 351? 
lire fact that magnesium chloride is more stable iDwiH al 
chlccidc, enables the former to be obtained anhydrous, mixed 
with potassium chloride, by heating earnallitev.. When 
double chlorjde of magnesium and ammonium is subsffW?Sj 
fof carnallit* MgCL, itself ran be obtained fl!l>ydritas, 
Ammonium chloride being volatilised. Ten parift of the <{50!. 
cwnallite ate mixed with one of sodium and o»ii- of powtS0t 
Uuor spar; the mixture is thrown into a red-liSI. c.rucible iTfli 
coverecl Until the main reaction is complete, wimi magnesisfiB 
amounting to about threc-ejuarters of the thecJ3a*ra»l yield is 
obtained as a button. The crude metal, which fJSl.tains silicon; 
&ay be purilied by distillation, its volatility similar 

that of zini' (B.P. about l.lOfi" C. = 2,012“ F.). 

Magnesium is now mainly manufae.tured by the electrolysis 
of fused carnallite, the operation being carried out in an iron 
crucible, evhich serves as the cathode, a carbon iBTi constituting 
the anode. The carnallite is kept fused by .ravt externally 
applied. An indiA'erent or reducing atmosphero is maintained 
in the crucible to prevent oxidation of the magiwmuii. and the 
anode is .surrounded by a fire(rlay tube through which the chlorine 
produced by the electrolysis is drawn off. 

In the method employed by the Virginia ElectrSlTdc Company 
at Hdcortib’s Rock, Va., a mixture, of magnesiun fluoride with 
the effloride of calcium or some other alkaline ea55?< metal more 
electro-positive than magnesium is heated in orfie to render 
anhydrous, a small percentage of an alkali fluoriSa being mCSSi 
as a flux. After the magne|ium has been scpJTited electro- 
lytically hydrated magnesium chloride is added, and the wITin 
j^rjected to a further dehydration, the resultjjjK mixture 
IrgTy^foji’i fluoride and calcium chloride being utiilwL in a s%vo*T*j 
Haag has designed a cell diyid^ int» three sections 
the upf>er one carnallite is fused by rgiHstanm! heating. • pi 
We .central chamber clectrmysis takes pljtde, eflayyae passing' 
through the hollow, perforated carbon anoeX^y 

receives the Aolten magnesium and iurMw-.jinaSSi 
lift, whicl -Ae separated an*ingenious cu'tice. AllHf^ 
g,re l^ept molten by internal heating ; liV^aid seals -M-j 
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Employed to prevent leakage, and radiation is prevented ^ fer 
16 possible by enclosing the cell in an outer chamber. 

> 3. Properties and Uses of Magnesium.— Magnesium is a white 
metal of specific gravity 1’74 and melting point 750° C. = l,332®i 
j'.; it is easily corroded in a moist atmosphere, becoming covered 
with a^white coating of hydrated oxide. It is malleable, and 
^hen hot— e.g., at 450° C. = 842° ¥.—can be drawn into vflre 
and flattened into ribbon. It is largely used in pyrotechny, 
both as ribbon and powder, and for producing a flash light for 
signalling and for photographic purposes. Thus its chief 'value 
arises from the ease with which it burns in air and the Ij^illiant 
actinic light which it emits. The product of its combustion in 
air contains Mg 3 N 2 as well as MgO. It is slowly attacked 'isy 
water, especially when hot, and readily by dilute acids. 

The pure metal has a tensile strength of about 14'5 tons p^r 
square ini.'h, and a compressive strength of about 17 tons. li? 
is employed in the laboratory as a reducing agent, especially 
in place of zinc, as it is free from arsenic. 

Magnesiuitt'is employed to some extent as a deoxidiser in brass 
manufacture, an addition of 0'05 per cent, being usually suffi¬ 
cient for this purpose. It possesses an advantage over phosphorus 
in-that an excess may be used without harm. It is also added 
to nickel to cause it to cast well. For use as a deoxidiser and 
in pyrotechny, however, magnesium is now bemg displaced* by 
aluminium. Almost the only other use of magnesium fs in the 
manufacture of magnalium alloys (see under Aluminium, p. 353)^ 

III. CALCIUM.—Sources of Calcium.— This element is very 
widely distributed in nature, especially as the carbonate which 
exists in various forms— e.g., calc-spar, chalk, marble, limestone^ 
'coral, etc.—numerous complex carbonates also occur— e.g,, 
dolomite, CaCO.,. MgCOj. Large quantities of the sulphate are 
.also found as anhydrite, CaS 04 , and gypsum, CaS 04 . 2 H 2 O. 
Other complex minerals contain calcium as silicate, phosphate, 
and borate. 

Winning of Calcium.— Within the last few years metallic 
calcium has become a commerciaf product, and it is now manu- 
S^factured in France, Germany, and America by the electrolysii 
I of its fused salts. ' j 

' The method employed by the Virginia Electrolytic Companj 
(may be described aUra typical process for the electrolytic prO; 
duction of metals which are lighter than their molten electrolytes 
and whtise melting points are either higher or not much lowej 
. than the’melting points of their electrolytes. 

The cell is formed by a VesS6l, A, of cast koiP and of ci^ulai 
form. The cathode B projects centrally through tjje fcottpm 
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WMiif a graptiite qng, C, forms the anode, the electrodes beiiii^ 
insulated from the iron vessel by the insulating compound a. 
The bottom of the vessel is protected by a chilled layer of this 
electrolyte produced by the water jacket D. The calcium set 
free collects within the water-coojed ring E, and is thus isolated 
from the gases which separate at the anode. The block of metal, 
A,fvhich forms inside the ring is slowly raised out of the elect rolyie 





Fig. 54.—-Electrolytic calcium cell. 

by the totgs, F. The bath charged witk fresh neutral calfium 
chloride, and maintained at a temperature ftf 675° C. 

Properties and Uses of Calcium. —The metal is* sold ii 
the foSm of mey stidfes contebiii^ 96 to 98 per* cent, o: 
Mlcium. Tt oficHses slowly in 8ry air, but more quickly in ai 
^taratedt,.with moisture. It is ver;^ light (sp. gr. J‘72), fairl] 
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^pttEll6abl6> has a high specific heat, and i» a,,gu(ju conauci^rvoi 
;fil6otricit}'. It is about as hard as aluminium, but at 400° ,{J 
^comes as soft as lead. It melts at about 800° C., and can b« 
I^Riblimed in vacuo between 700° and 800°. Its most interestmg 
fOOmbinations are with hydrogen and nitrogen, forming th« 
Ji^dride, CaHj, and the nitride, Ca-jN,. The former reacts witli 
'SiSater much like calcium carbide, and yields pure hySrogin; 
^nder the name of “ Hydrolithe ” it is already employed” to some 
‘^tent for inflating balloons. The avidity of calcium for nitrogen 
will probably be made use of by metallurgists for eliminating 
this gas from iron, etc. As might be expected, calciumjs also 
a powerful reducing agent, and these properties give it a promising 
field of Usefulness in the refining of metals. ’ ® 

IV. MANGANESE. — 1. Ores of Manganese. — Manganese is 
found chiefly as the dioxide MnOj, both anhydrous as 'pyroluske 
and polianite, and hydrated as wad and psilomelane; this las^ 
mineral also contains barium. Another oxide, Mi\, 03 ,‘'is”lound 
anhydrous, together with some silica, as braunite, and in the 
hvdrated forfii as manganite. Hausmannite (Mn.,0,) contains 
still less oxygen. The carbonate {rhodoehrosite), silicate {rhod^ 
(mite), and sulphide are also found. The following countries 
are the most important producers of manganese ore:—Russia,' 
India, Brazil, Germany, and the United States, 
i 2. Winning of Manganese. — Manganese can be reduced from 
its oxide by carbon at a high temperaturethe metal thus 
obtained contains carbon. Moissan prepared manganese in this 
way in the electric furnace, and showed that by using excess of 
oxide the reduced metal may be obtained free from carbon and^ 
silicon. The method was put into commercial use, but the' 
eflflciency of the process'was not such as to yield the metal at', 
a low cost, partly because of the high volatility of manganese.' 
tt is more readily prepared, however, by reducing MnCt, by 
sodium or .magnesium. In the latter case the dried powdered 
stiloride, mixed with twice its weight of KCl, is fused and: 
magnesium introduced in successive portions until an amount of 
ihis metal, equal to one-sixth of the weight of the manganese 
Ihloride, has been used. " ■ 

■A considerable' amount of manganese is now made by the 
Goldschmidt aluminium reduction process (p. 172). The product 
nay attain a high degree of purity,;containing as much as 98 tO:' 
|9 per cent, mangariese. Lebau has shown, however, that jtht!"' 
netal so produced may contain as much as 5 per cent, of silicon,';!' 
i Mangahese is not produced on a large scale save as 'spieg^i; 
4ten and ferro-manganese, which are obtained b^ reducing-jpwii';? 
aes rich in manganese in a blast furnace; both ar,e 
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itgol^making (q.r.). Silico-spiegel 13 an alloy of iron and niao^ 
;anese in which tliese metals occur as silicides, and is also usedi 
ii steel manufacture (see p. 191). Various other methods havcj 
seen suggested for making ferro-manganese alloys. Of thesW' 
the Sunon process is noteworthy^ and was .successfullv applied 
:or some time in France. It consisted in the eloetroiy.ii3 of a- 
nSsB flf fused calcium fluorid(!, in which oxide of manganejp 
lad been previously dis.solved. In this re.spect it bears a re-', 
lemblancc to the alutniniuin e.\traclion ])rooe.sses of Ilerouli 
ind,Hali. Greene and AVahl liavc sugge.sted the reduction o| 
') 3 Tolusitc by means of ferro-silicon in a basic-lined furnace. 
By this process an alloy containing 7t) per cent, of iron, 29 per 
lent, of manganese, and as little as 0'7 per cent, of carbon wW 
sbtaincd. The incthod, however, has not been adoj)ted on u 
j^mercial scale.* Various attempts have been made to prepare 
:arbon-frec ferro-manganese on a large scale, more particularly; 
n the electric furnace. The problem aj)peais to be a very 
lifficult one, however, on account of the volatility of manganese 
ind its tendency to form a very stable carbide, Mnflit. The blast 
'urnace, which has been .so cllectively .itUicked by the electric 
hirnace as far as other ferro-alloys are concerned, still reigns 
supreme in the field of ferro-manganese, on account of the mfire 
sconomic production possible. The problem appears to be most 
ik?Iy tojee solved by means of some of the newer forms of electric 
'urnace described in the section on the “ Electro-metallurgy of 
Iron and Steel ” (p. 237). 

An “ Electro-silico-spiegel ” is made in the Keller electric 
[urnace by heating a mixture of ferro-silicon, flint, carbon, and 
manganese ore to a moderate temperature, care being taken to, 
ivoid volatilisation of manganese. The product contains 22 to 
J4 per cent, silicon, 38 to 10 per cent, manganese, and is thus 
loubib the strength of ordiimry silico - Spiegel. It is finding 
jxtensive use in steel works. 

Manganese-copper can be produced by heating together 
;opper, oxide of manganese, jind carbon, and is used in copper 
refining to reduce over-oxidi.sed copper in a manner analogous' 
rith the use of ferro-niauganese in steel making. •' 

3. Properties and Uses of Manganese.—It is a greyish-white, 
neti.l of specific gravitv 8'0, readily oyidised by moist air. lif 
[uses at 41,215° C. It decomposes watc(^4[t the boiling peinf.' 
Ea^addition to its use in st?el making, maaganese is used in the 
nanufseture of bronze (see j.. 266). .Permanganates find use a«^ 
lisinfehtants, manganese borate as a drier in paints andwarnishe^ 
ind. other conlpoB.nds are used*m the ceramic arts. Alloys of 
• Pferro-sUic in can also be used for reducing NiO, Cr.^j, and WO,. 
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iiianganese with aluminium, antimony, tin^ bismuth, aije^fc,^ 
And boron are receiving much attention, owmg to their remark/' 
able magnetic properties (see Heimler’s alloy, p. 353). ;ij 

V. CHROMIUM. —The only chromium ore of commerdiafc 
importance is chromite or chrome-iron, ore, FeO . Cr^O^ ; it - 
alwaysri contains alumina and' magnesia. It is found in Cali- 
jfornia, Canada, Rhodesia, and Asiatic Turkey. 3'he iftetaP iS' 
prepared in the electric furnace by Moissan’s method, first as 
the carbide and then as the pure metal. The production ed” 
“cast chromium,” corresponding with cast iron, contaipibg, 
about 10 per cent, of carbon, can be effected by heating a mixture 
of CcjO;) and carbon in the electric furnace. The metal is refined., 
by fusing it with lime in a furnace lined with calcium chromite.; 
In this way practically pure chromium is obtained. An altSr- 
nativc method of preparing chromium is by reduction wj^ib' 
aluminium. Chromic oxide is mixed with aluminium powder? 
and is fired by a fuse of mixed aluminium powder and barium 
peroxide, in which a strip of magnesium is embedded. 'The heat 
of the roactirn is sufficient to fuse the resulting chromium into 
an ingot. _ 

Properties and Uses of Chromium. —The metal has a brilliant, 
grpy colour, and, though hard, can be polished without difficulty.; 
It has a specific gravity of 6-92, and its melting point is higher 
than that of platinum. It is non-magnetic, keeps itStpolisE in 
air, and is not readily attacked by acids. Chromium* and iW 
compounds are used metallurgically in the manufacture of alloys 
and of furnace linings, and chemically as a constituent in colouring' 
.materials, mordants, oxidising agents, and tannages. Ferro- 
chrome is the form in which chromium is introd,nc^ into steel., 
(see under Iron and Sled). It is made both in the blast furnace 
and in the electric furnace. Blast-furnace ali'oys contain J.2 tof 
.40 per cent. Cr, 1'5 to 2‘6 per cent. Mn, and 6 to 7 per c^t. 0. - 
Electric-furnace alloys contain about 6‘5 per cent. Cr and 5 to 
10 per cent. C. Refined alloys low in carbon are also made in . 
Special furnaces (see under Ferro-alloye, p. 237). Chromite 
brick for furnace linings is generally made of crude chromite and ’ 
tar, but sometimes of a mixture of chromite with kaolin, bauxite, 
lime, or some other material. For chrome pigments and mor-. 
dants, see Vol. II. , . ; 

' V*I. MOLYBDENUMS.— Two minerals are used coiamerciall^; 
as the source of the cnetal—viz., molybdenite, the sulphide S^oS, 
and wulfenite, which is essentially lead molybdate, EbM^^. 
T3ie metal can be prepared in a manneiti similar to that ifsed te. 
chromium. It may be obtained free from carbota by heating 
mixture of the dioxide MoO, with defect of carbon in l^e. Meotrib* 
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It is white, has a specific gravity of 9'0, is as malleablfl 
^ iron, and can be nled and forged. It is only slightly oxidised 
^ air. When heated with carbon it absorbs a small percentage of 
that substance, and can then be hardened by quenching in the 
inanner characteristic of steel. It is used to a small extent in 
making special steels. Ferro-molybdeimm is made in the same 
way as*ferro-tungsten, whicli it resembles, and contains 60 ^ 
86 per rent, of molybdenum and O'l to '1 or more per cent. <n 
carbon. A large amount of ammonium molybdate is used in 
the hiboratory in the estimation of phosphorus; it is also used 
as a fiiwrooiing material, and as a germicide. Sodium molybdate 
is usea to give a blue colour in making pottery, and in dyeing 
silk, wool, anS leather. 

VII. TUNGSTEN.—Ores of Tungsten.— The tungsten minerals 
usjd as ores are huhucriU'. a tungstate of manganese ; woljrmnit/e, 
% tungstate of iron and manganese ; /cricr/te, a tungstate of iron; 
and scKcditc, .a tUTigstatc of calcium. Tln^ first three minerals 
grade. iuA) each other, and are sometimes classed together as 
wolframite. 'I'hey are usually found in uranitc c«fmtries, and 
are sometimes mixed with tinstone (see under Tin). Tungsten 
pres occur iti Cornwall,' Queensland, tlic .Malay States, Rhodesia, 
Spain, I’orUigal, and the United States. ^ 

. Winning of Tungsten. —The nnUhod of extracting tungsten 
from its^res is hotli lengthy and complicated. Sodium tung¬ 
state is first formed by heating the finely-ground ore with sodium 
ij^rbonate in a roverl)cratory furnace. The melt is e.xtracted 
with boiling water, and filtered from the insoluble residue con¬ 
taining FeO, MnO, SnOj, etc. If the furnacing has been carried 
out correctly no tin goes into solution. Yellow tungstic acid is 
then precipitate from the solution by means of hydrochloric 
acid, ^Itered, ana dried. The tungstic acid (WO;,) is finally 
redueSfl by heating with carbon in crucibles in the electric furnace. 
When the carbon is used in defect, and the mass is not com* 
pletely fused, the pure metal results. If excess of curt)on be 
smployed this is absorbed bv the metal probably as a definite 
carbide W^C. As in the case m chromium, there is a rival method 
for the manufacture of tungsten—viz., the reduction of tungsti* 
icid by aluminium {Goldschmidt process). 

'Properties and Uses of Tungsten. —Th,e physical properties of 
tungsten depend on the manner of its pr^aration. It is difB-: 
jtdUy fusible, its melting point having been recently given aS 
2.800° to 3,000° C. = 6,072" to 5,^2° F. When free from' 
’,aTbon\t can be drilled! and filed easily, and is not magnetic:- 
tungsten.* njclted in the *lecttic furnace, has a speciiio.: 
pfavit^ of,18‘V.' The metal is attacked by fluorine at ordinary. 
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^ifipeiatiiiTes, and by the other halogens at higher temper^ti^l^Ja 
bright redness it burns in aic and deconiposes water vapoufc|f| 
metal is attacked slowly by strong mineral acids, and rapidly4^ 
,by fused oxidising agents. The most important use of tungsteii^ 
’IsTn the manufacture of tool steel (see p. 222). For thispurpod^ 
■Tt is employed either as a powder or as ferro-tungsten. The lattejs* 
'alloy is usually made by melting together Swedish iron, cfaariSbit,'^ 
Sthd tungsten powder in the electric furnace. Three grades areiv 
manufactured commercially, containing about (1) 65 per cent; * 
'tungsten and 1’5 per cent, carbon, (2) 80 per cent. tur\gsteiiy 
and 1-5 per cent, carbon, (3) nearly 90 per cent, tungsten and', 
about O’l per cent, carbon. Smaller quantities of silicofi, mab-’i 
ganese, . phosphorus, and sulphur are also present. The IrighV 
'melting point of tungsten makes it available for use as a filamenfe 
.in incandescent electric lamps. The so-called Osram lamp h^ip av 
filament of practically pure tungsten. For this purpose tl»'; 
powdered metal is made into a paste with an organic Bfiidings 
agent, such as gum arabic, and squirted into threaHs. 'These are.* 
then subjected to various processes, by means of which all ^ 
jearbon is said to be removed, leaving the metal practically pure; ■ 
Tungsten is used in the manufacture of small crucibles for use in ‘ 
'the electric furnace, the method of manufacture being simil^rj' 
to that employed for filaments. Large quantities of sodimitij 
'tungstate are also used as a fireproofing material. o ri" 

VIIl. VANADIUM.—Ores of Vanadium.—The most hnportant 
source of vanadium appears to be the mines in Peru, where ai 
vanadium-bearing asphaltite (“ patronite ”) occurs, containin,^? 
about 40 per cent, of vanadium sulphide. Important vansdium i 
, deposits are also found in Colorado, where it occu.’-a as roscoelitey 
green vanadium mica, and carnotite, K,C", 2Uo0s, 

3H,0. Lead vanadate also occurs naturally associated^ 'witi^i 
?pther minerals in Central America, Spain, and Cheshire. " ‘ps 
f; Winning of Vanadium.—The roscoelite ores of Colorado ar^ 
'Vbrketl up as follows:—The finely-crushed ore is roasted witli.’;j 
jsalt and leached with water, whereby a solution containinjg'^ 
llsodium vanadate, and possibly ‘ some vanadium chloridcr 
{Obtained. This is then treated with ferrous sulphate, and tbd| 
^'jpreoipitated ferric vanadate is filtered, dried, and sold as a darpi 
(olive-green powder containing Si per cent, of vanadium, 
'•.Haifnes process for '’treating carnotite ore consists io agitet^;^ 
|ihe crushed ore in a revolving barrel with a boiling 8oluti6|i fit 
fspdium .carbonate. Sodium uranate is precipitated from 
|filtered solution by means of caustic soda, and forms the^feraniu^-j 
Ijproduct. From the filtrate cahium vanadate^is^precipitat^bfe 
^Vneans of slaked lime, and this forms the vanadium product. 





lifluOTS contain caustic soda, and are recarifl'MiliMi^ 
■ V 1^. 1- _ _ 
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,|JiniiT:V 4 gases. The vanadium products thus obtained iTf-'fe' 
^ for conversion into ferro-vanadium. _ 

VjjsdS of Vanadium.—The metal itself has little comiiRtt'c’-tip; 
^teVI?:.yiT»ri. It has been prepared by reducing vanadic acid | 
aluminium in magnesia-lined Crucibles, and by other njeaus. ^ 
IT if a hard, steel-g»'ey, brittle metal. Its most important use J 
as ferro-vanadium in the manufacture of vanadium steel. 

is made bv reducing vanadic acid in presence of iron and.,, 
in an electric furnace (see under Steel, p. 237). 

IHimtn compounds are used as mordants in printing and dyeing, i 
l»!t!-anlfj'drid^ V.d);, also greatly ma'clerates certain o.xidation^ 
^iT TAkf*. sucJi as the action of nitricf acid on sugar, and the-- 
of alcohol. It has also been used in pla< e of i)latinuiq ^ 
iT-a catalyst in the contact process of making sulphuric acid. i 
S'-IX. TANTALUM.—-Ores of Tantalum.—The most conviii:^ 
61’ tantalum are tanlulile and columhite. These inrcna'!!^ 
JiJTln, e'.sentiallv of tantalates and columbates (niobates) of- 
'iWi and manganese, and occur principally in Australia and the 
United States. Fergusonite and sainarakitc are also fairly 
iWSimon, and contain columbates and tantiilates of iron, calcium, ; 
yttrium, and cerium. Samarskite also contains uranium oxide.^ 

of Tantalum.—Berzelius obtained the metal by,"] 
!H!*vWi'cin(i the ore into alkaline fluotantalates and reducing with < 
or sodium. Modern commercial processes for pre- ■ 
yrAin the metal are proprietary, and the published accounts of 
i^^'are obscure. Bolton purifies the crude metal by heating in 
vacuo in an electric; furnace. The British Thomson-Houston 
Company eic.t’-olyses a fused salt of the metal between an anode . 
of impure tantaiJ'n and a cathode of the pure metal. Another 
process diK to von Piriani takes advantage of the fact ■ 
Binj f^talum has a great alfinity for hydrogen. A mixture of, 
gRTOum chloride vapour and hydrogen is heated, yielding a ' 
Hi)';; brittle metallic mass containing a large amount of ocfluded. 
jJJSj-ygVfi. This is then stronglv heated in mcuo in such a manner j 
i^ito allow the liberated hydrogen to be const.intly withdrawn. 
^or further details, the reader is referred to the Mineral Industry i 
p. 802 ; and the.7o«r)i. Chem. Soe., 1905, A. ii., 259. * 

WTuVis and Uses of Tantalum.—The pure metal has 
iXk grsurity of Ifi-o. and melts at about^,z(K) C. = 3,992 
heated"by an electric Airrent contracts by 7-8 per cent, ofj 
TCu in twelve hours, a.id becoines correspondingly moiO* 
' i^he metal has tke unusual characteristic of liccoming^ 
iinder hdbimering. Carb*n Up to 1 per cent. suiSrEI 
without increasing its ductility ; above that amount 






makes the metal brittle. In chemical ^properties tatitalt^ 
resembles gold and platinum. It is not afiected, however, 
aqua regia, but is attacked by fused alkalies and by hydrofluQlM 
acid. The metal forms no alloys of commercial importance, bti^ 
it is now being largely used in making filaments for incan|^ 
descent electric Iamp.s. This is the only practical use to which 
tantalum has, so far, been put. * • 

X. SODIUM. —Sodium compounds are so abundant as tC 
need little mention. The most important found naturally aje 
common salt, NaCl, Chili saltpetre, NaNO;j, cryolite, SNaFe Al^j^ 
the carbonate, Na.,CO.„ and sulphate, Na 2 S 04 {Th^rdim); 
Formerly, sodium was obtained by reducing the carbonate with 
carbon— • , 

Na,COs + G, Na, yCO. , 

The reaction is endothermic, according to data determined jt 
the ordinary temperature, 186 Cal. being absorbed; th» vola¬ 
tility of sodium no doubt assists the occurrence of tfie reaction^ 
the product, Na, being spontaneously removed from ^he sphere 
of action distillation. The operation was efiected by heating 
a mixture of 30 parts of sodium carbonate, 13 of charcoal, and 
6 of calcium carbonate in a horizontal iron tube connected with 
aa iron condenser opening into a receiver containing mineral 
oil; a temperature of about 1,500° C. = 2,732° F. was requisite 
for the distillation. The calcium carbonate was adcfed to pre¬ 
vent the sodium carbonate from flowing away from the charcoal 
W’hen fused. ^ 

More recently sodium was made by Castner’s process,- wh<^ 
consists in heating caustic soda with one-fifth its, wd0tt of 
“ carbide of iron," a substance made by heatinr-lron oxide with 
tar ; the function of the iron in this mixture iu to keep the carbos 
immersed in the fused caustic soda. The reduction of the^odium 
is said to take place according to the equation— '' 

4NaOH -f- C. = Na^COa + Na. + 2H, CO. 

This reaction is endothermic, reqvfjring the absorption of 106 Cahji 
considerably less than in the case of the older process. Th# 
operation was carried out in steel crucibles set in a furnace heat<^ 
by producer gas, a temperature of about 800° C. = 1,472? 
being requisite. The qjrucibles were covered with domes carcyiilj| 
a» exit pipe, throu^i which the s^ium distilled int<? a rechiyil^ 
containing mineral oil. A yield of about 90 per cent, was obtajhi^^ 
The sodium carbonate obtained as a bye-product was leached 
of the spent contents of the crucible, cuusticised, and u^d, agtw^ 
Eleetrolytic Process. —^All purely chemicaf Methods for 'th®t 
manufacture of sodium are obsolete, the metal beiijg ](lboduq^ 
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ticlj^swely by electrolysis. The process mostly used is oue 
Revised by Castner,*the inventor of tEe chemical method de- 
iraribed above. The apparatus u.sed is shown diagrammatically 
figure. A is a cylindrical steel cnicible with an opening 
the bottom, through which the iron cathode B pas.ses. The 
.'bnicible is set in a flue, so that the body of it is heated whU* the 
neolfC Jemains cool. The caustic so(la which fills the crucible 
,cbnaequently solidifies in the neck 0, and jirotccts the joint made 
beWeen the cathode and the crucible. 'I’lie anodic 1). which may 
fee a cylinder with vertical slits to allow flow of the electrolyte, 
• surrounds the ujipor part of llie cathode. 'I’liis upper part is 
iVncircleff bj' a cylinder of wire gauze E d<'[)emling from the 
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^. collecting pot F. As electrolysis pi’ceeds, fused sodiuni*float8 

B Cii the cathode and collects on the csirface of the fused caustic 
Fj in the pot F. Hydrogen is > 1 ® liberated at the cathode 
SW oxygen at the anode, both gases sicaping through the loosely* 
' "jiut top. The sodium is hinda'sd from straying into the 
Sitv compartment by the wire gmm, through which it cannot 
‘“‘TpiitcTiv, account of its high aus8.ee tejjHon. The tempera* 
a the electrolyte is not Allowed B) rise above 330'’ C., or 20“ 
the melting point of caustic lodg. Castner states that 
at,%9 meltmg point«austic soda d issolves both sodium and 
Mid tha^tkis dissolution •L.I«Wi'*es rapidly greater with rise 
until a point is iVjwiT31 at which substantially *03 
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p®cmanent separation of the products of electrolysis b 
secured. If the temperature is too low the hydrate is not sufB 
ciently fused, and ceases to act as an electrolyte. The extrem 
fluidity of cfiusti(r soda, and the ease with which it wets all sui 
faces allow that body, on the other hand, to pass freely throug 
the giiuze. The molten sodium is removed by means of a larg 
perforated spoon, cast into brick form, trimmed to''reiflov 
adherent oxide, and immersed in panillin oil. 

In some woi'ks electrodes of co])p(T and nickel arc employee 
Various modifications of tlirr abovr* process ;tre also in use. j 
cell devised by Rittlirnati rtnd Sulcr is used at Bitterfeld (Germany 
in whicli the cathodes are only allowed to touch the surface c 
.the elc trolvle and the gauze diaphr-agm is dispensed with. •T'h 
metallic .sodium grtthers itt globtrles at the iroint where the catl 
odes toucli the electrolyte, a.nd i.s collected in a perforated Igdl 
at verv short intervals. The lirchrr vtsed in I’rant 

differs from the Cirstner in that the electrolyte con.sists of 
mixture of sodium carbonate and hydroxide. ’• 

A process hrrs been devised by Darliiig in whii h sodium nitrat 
is fu.scd by external heat and electroly.sed between iron clectrodei 
To separtite the sodium from the oxides of nitr’ogen evolved a 
the aitode it. partition wiis emjrloyed coir-sisting of magnesi 
packed between two perforated steel cylittder s. The latter^ei 
protected from corrosion by makiirg them subsidiiiry, cathodei 
It wiis hoped to obtain nitric iicid from the iritrous fames, hr 
the proce.ss has not pr-oved to be a commercial success. A 
ingenious proce.ss for preparing .sodium is dmr to Ashcroft. , Z 
this the electrolytrr i.s sodium chloride, which is kept b 

heat getterafrrd internirlly : the seirariited sodi:-...i"'!s collccte 
in lead, which is transferred to a second ^,ampiirtment, an 
therit miide the anode of a cell contaiiring'lused causti^ sodi 
In this the sodium is dissolved from lire lead and prec?[)itate 
on an ii-on ciithode. The caustic soda undergoes no pcrmanei 
change, serving merely as a means to transfer the metal froi 
its sohition in lead to" the final cathode. The Virginia Electrt 
lytic Company are also reported to be using a process base 
‘on the electrolysis of fused sodium chloride, chlorine and sodiui 
being obtained directly. 

Sodium is a white metal with a pink tinge, of specific gravit 
0-97 ; melting pointi..95° C. = 203“ F.; and boiling pwint742° ( 

= 1,368“ F. It oxidises on exposure to air, and decomposes 
water;"it is kept under.mineral oil (ordinary kerosene). It is 
used iat reducing other metals—e.g.p magnesium—f(^ making 
sodium amalgam (see Gold eivraclion, p. 339), and for ntjtking 
sodium peroxide. This is effected by placing the,.sofiium’,Oji.^ 
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:/alu^ij^ium trays which are made to traverse a flue through 
•which a current of* dried and purified air is travelling in the 
opposite direction. The metal is thus systematically oxidised to 
^ Na^O^. The latter is used as a general oxidant, particularly for 
bleaching, in those cases in wliiidi H,0., was formerlv emploved. 

Other important uses of soditifti are in tlie manufactarc of 
'artificial indigo, and of a number of other .synthetic dvestuffs 
and of drugs like antipyrin. 'I’lie major part of the sodium made 
in .England, however, is simt to (ilasgow. where it is converted 
into podium cyanide by the Cassel Cvanide Coinpanv. This is 
also the chief consumption of tlie sodium in the I'niled States. 

, Eecent^' sodium has been used for drying transformer tiihs, and 
thus improvhfj; their insulating qualities. • 

Potassium may be made by methods similar to those employed 
’ fo^producing sodium. As in the case of .sodium, the reduction 
•f the carbonate by carbon is endothermic, an absorption of 
194 Cll. taking place. The preparation of the imdal is somewhat 
•dangerouis, from the formation of a black ex])losive eom])ound of 
potassium and carbon monoxide, K,.,(CO),.,. J’ola.ssiiiiii is a white 
metal of a specific gravity 0'87 ; melting ])oinl (!2'' ('. = M l° F. ; 
and boiling point 667“ C. = 1,233“ F. It forms ati alloy with 
sodium which is liquid at the ordinary temperature, and l^as 
■ been used for the eomstruetion of higii-range thermometers, 
indicatiiij' temperatures up to 600“ C. = 1.112' F. 



